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combining 
LEITZ quality 
with 
unlimited versatility 


Leitz ORTHOLUX and ARISTOPHOT, 
shown with Fluorescence Unit HBO-200 


ORTHOLUX Microscope 
with ARISTOPHOT Ill 


Here are precision Leitz instruments perfectly matched for exacting photomicrography. 
They are simple to operate, yet capable of infinite variations to fit all your photomicrographic 
requirements. 

With the Leitz ORTHOLUX with ARISTOPHOT, image sharpness is limited only by the resolu- 
tion of the film you are using. Only air separates the optical system from the film. There is 
no loss of image sharpness because of mirrors or other devices. 

Film size is not restricted: 35mm Leica, 314 x 414, 4x 5, or Polaroid. Your choice of illumi- 
nation, too, is virtually unlimited: transmitted or incident light, dark field, polarized or 
phase contrast. 

With the ARISTOPHOT detached, the Leitz ORTHOLUX fulfills the most critical requirements 
for a research microscope. The ARISTOPHOT II may be used separately for gross photography 
or macrophotography. 

Write for illustrated brochure, Dept. 294 SC-10. 


E.LEITZ, INC., 468 FOURTH AVENUE, NEW YORK 16, N.Y. 
Oistributors of the world-famous products of 
Ernst Leitz G.m.b.H.,Wetzlar, Germany—Ernst Leitz Canada Ltd. 
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Sounds incredible, but it’s true! We at NBCo know 
the importance of TIME to research organizations. 









Consequently we have developed our order processing, filling 
and shipping techniques to a precise science, which requires 
every'order to be shipped within 8 hours of receipt. . . 

and we can even process emergency shipments within ONE hour! 
In addition to offering the FASTEST service. of any 
research biochemical house, we are equally proud 
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quality... at the lowest possible price. 
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most complete research biochemical company. 
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... first choice for 
blood fractionations and 
similar low temperature 
separations. 


HERE’S WHY MOST LABORATORY 
DIRECTORS SPECIFY THE INTERNATIONAL PR-2 
FOR LOW-TEMPERATURE SEPARATION 


... It offers positive temperature control with wide-range ver- 
satility for separations between —20° and + 10C. 

The temperature you set on the control panel is automatically 
held within +1°C. In fact, material temperature can be main- 
tained at 0°C indefinitely even at speeds up to 19,000 rpm... 
without subcooling rotor or chamber! 

28 INTERCHANGEABLE HEADS .. . horizontal, angle, high- 
speed, high-capacity and shaker .. . provide accessory combi- 
nations to meet virtually all laboratory needs. 

WIDE CAPACITY RANGE .. . from 4 liters down to 7 ml.... 
is unmatched in the refrigerated centrifuge class. 


Write for Bulletin T. 
INTERNATIONAL EQUIPMENT CO. 
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THE HUMAN FACTOR 


Scientists have long been preoccupied with the techno- 
logical problems of Man and the Machine. The increas- 
ingly complex nature of advanced systems has created 
an urgent need to enhance man’s contribution to effective 
systems performance. The complicated nature of this 
relationship requires the skills of psychologists, social 
scientists, mathematicians, and engineers. 


At Ramo-Wooldridge, human engineering, personnel 
selection, individual and system training, display design, 
and communications are successfully integrated into 
systems design and development by the technique of 
large-scale simulation. 


in today’s technology 


Simulated inputs enable scientists to observe a system as 
it operates in a controlled environment and make possible 
the collection of data on performance, training, human 
engineering, maintenance, and logistics and support. 
Scientists and engineers use this data to assure the design, 
production, and delivery of a unified system capable of 
high performance and reliability. 


Expanding programs at Ramo-Wooldridge in the broad 
areas of electronic systems technology, computers, and 
data processing have created outstanding opportunities 
for scientists and engineers. For further information con- 
cerning these opportunities write to Mr. D. L. Pyke. 


RAMO-WOOLDRIDGE 


P. 0. BOX 90534, AIRPORT STATION * LOS ANGELES 45, CALIFORNIA 


® @ division of Thompson Ramo 
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PHOTO BY WILL CONNELL 


Push button ease in titrations, redox measurements and pH determinations is yours with a Beckman 
Zeromatic* pH meter. % The Zeromatic is shown with one of Beckman’s new Combination Elec- 
trodes easily performing a neutralization titration. Thousands of titrations can be done by this 
modern pH-endpoint method. The Zeromatic’s millivolt scale adds even more versatility, making 
possible complete millivolt titrations without range changes over any 1400 mv span between + 1400 
mv. % Recorder or automatic temperature compensator hook-up can be made in seconds. The line- 
operated Zeromatic automatically eliminates zerodrift and standardizing between readings, mak- 
ing measurements more reliable. Accuracy of 0.1 pH and reproducibility of 0.02 pH are guaranteed. 
The Zeromatic is available for immediate delivery from 99 laboratory apparatus dealer locations in 
the U.S. and Canada. Ask for a demonstration, or write us today for Zeromatic Data File 38-41-01. 


Ses ape Beckman: 
Scientific and Process | Instruments Division 
Beckman Instruments, Inc. 
2500 Fullerton Road, Fullerton, California 


ULTRAVIOLET AND INFRARED SPECTROPHOTOMETERS * GAS CHROMATOGRAPHS + pH METERS + ELECTROCHEMICAL INSTRUMENTS 
SALES AND SERVICE FACILITIES ARE MAINTAINED BY BECKMAN/INTERNATIONAL DIVISION IN FIFTY COUNTRIES 














NEW EXPERIMENT IN TELEPHONY 





It could speed up “dialing.”’ Bell Laboratories 


people created it—and now it’s being tested. 


The telephone you see above embodies an important 
new concept. It ‘‘dials’” by means of push buttons— 
promises more convenient telephoning. Bell System en- 
gineers are currently testing it for public reaction. Bell 
Telephone Laboratories developed it. 


The Laboratories’ invention of the transistor makes 
it possible. For the transistor permits a new kind of 
calling signal generator, mounted within the instrument. 


To insure ease of operation, psychologists studied 
human reactions to various finger pressures and sizes 
and arrangements of buttons. All factors affecting speed 
and accuracy were thoroughly evaluated. Electrical and 
mechanical engineers brought together the human and 
physical factors, created a practical piece of apparatus. 
Industrial designers worked out the functional shape. 


The new instrument sends a calling signal quite 
different from that of your present telephone. This poses a 
problem. Complex automatic switching must be changed 
to handle the new signals as well as the old ones. 
Switching engineers must devise ways to make this change 
in thousands of central offices— economically. 

Most of the challenges have been met. Final judg- 
ment on this new concept depends on the outcome 
of field tests. Meanwhile, Bell Laboratories continues 
in its task of originating and developing devices to 
improve your Bell System telephone service. 
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After 20 Years—Technicians or Scholars? 


As teacher education programs are strengthened and teacher cer- 
tification requirements are made more demanding of aptitude, scholar- 
ship, and subject-matter competence, we will produce an increasing 
and permanent supply of highly competent teachers. Or will we? 
When does teacher education stop? With a bachelor’s degree? A mas- 
ter’s degree? More simply, when should a science teacher stop learn- 
ing about science? When can a teacher stop being also a student? 

The answer, of course, is never! Formal academic degree programs 
should be considered as basic preparation for the teaching profession 
and the beginning of a self-determined, self-disciplined program of 
continuing improvement in both subject-matter competence and 
teaching skills. Career-long dedication to self-improvement is one of 
the outstanding characteristics of a “professional,” be he science 
teacher or research scientist. 

Too often young science teachers with up-to-date subject-matter 
training but no teaching experience develop into mature science teach- 
ers with extensive teaching experience but no up-to-date information. 
This constitutes a waste of talent equal to and perhaps even greater 
than that resulting from inadequate formal preparation. Far too 
many teachers “retire” long before they stop teaching. Other things 
being equal, the mature teacher should be the most competent teacher, 
the “master teacher,” not simply an efficient and skillful “educational 
technician” but a scholar, a serious student of his own subject. 

Unfortunately, there is almost no community interest in or genuine 
recognition of continuing teacher self-improvement beyond formal 
degree programs. We have allowed teachers to become so burdened 
with nonprofessional, nonacademic, and nonscholarly duties that they 
have neither the time nor the enthusiasm for rigorous intellectual 
rejuvenation. We are now well beyond affording the luxury of wasted 
professional talent—well beyond the efficacy of “pumping the well 
dry.” 

Recent programs are making great strides in providing opportu- 
nities for teachers to again become students of their subject-matter 
areas through summer institutes, refresher courses, research partic- 
ipation programs, in-service training courses, and television courses 
such as Continental Classroom’s “Modern Chemistry” and “Atomic 
Age Physics.” Not long ago only single teachers could afford several 
nonremunerative summers on a college or university campus. Now the 
opportunity for refresher and advanced training is becoming increas- 
ingly available to all teachers. Whether they take advantage of these 
opportunities, however, depends on the incentives, inspiration, interest, 
encouragement, and recognition that can be transmitted to teachers 
by their colleagues and members of the school community. 

We need to develop an intellectual atmosphere at the community 
level that encourages and recognizes scholarship on the part of both 
teachers and students; an atmosphere that encourages science-teacher 
participation in the activities of professional educational organizations 
as well as professional scientific organizations; an atmosphere that 
allows more time for study, laboratory preparation, guidance of sci- 
ence projects, participation in research, development of equipment 
and visual aids, course revision, and similar scholarly activities; an 
atmosphere that returns to the teacher the role of scholar rather than 
technician. 

Teacher education is a complex subject involving many factors, 
including money and time; it must not be shortened by falsely as- 
suming that it ends with formal college training or that local school 
administrators and citizens have no responsibility for an important 
part of it—R. E. HENZE, American Chemical Society. 
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Model 314X 


Automatic 


Where considerable counting is done, 
the Model 314X Tri-Carb Spectrometer 
has proved invaluable in saving overall 
time and in utilizing laboratory person- 
nel to better advantage. Completely 
automatic, it handles up to 100 samples 
and permanently records all data on 
paper tape. It can be operated around 
the clock without attendance. 


Semi-Automatic 


For laboratories that anticipate in- 
creased counting in the foreseeable fu- 
ture, Model 3148S provides efficient 
handling of present requirements, plus 
easy conversion to fully automatic oper- 
ation at moderate cost. This can be 
done at any time simply by adding the 
100-sample turntable, digital printer 
and the transistorized automatic 
control cabinet. 


Model 314 is for laboratories not antici- 
pating increased counting in the near 
future. Even this model, however, can 
be converted to fully automatic opera- 
tion, if and when required. This is done 
by replacing the manual with the auto- 
matic sample chamber and shield and 
by adding the digital printer and tran- 
sistorized automatic control cabinet. 


All three models offer all the advan- 
tages of the Tri-Carb Liquid Scintilla- 
tion Method for counting alpha- and 
beta-emitting isotopes: sensitivity, ver- 
satility, simplicity of operation and ease 
of sample preparation. 


Precision... 
Convenience... 


Simplicity... 
































For detailed information on the Tri-Carb Liquid Scintillation Method 
and specifications on Tri-Carb Spectrometers request latest bulletin. 


P.O. BOX 428-A @ LA GRANGE, 


2 ument Company, Inc. 
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CURRENT PROBLEMS IN RESEARCH 





Reactions of Grafts 


against ‘heir Hosts 


Transplantation immunity works both ways—hosts 
destroy grafts and grafts may harm hosts. 


Even the layman is now aware that, 
with the exception of one or two tissues 
such as cornea and cartilage to which 
special dispensations apply, organ or 
tissue grafts transplanted from the body 
of one person to that of another do not 
normally survive in their new host for 
longer than a week or two. In man, 
only identical twins are excepted from 
this generalization. There are now sev- 
eral cases on record where one twin has 
successfully given a sound kidney to 
teplace the diseased and nonfunction- 
ing kidneys of the other. 

This state of affairs is certainly not 
peculiar to man, for it obtains in all 
vertebrates so far investigated: frogs, 
goldfish, chickens, rats, mice, rabbits, 
squirrels, dogs, and monkeys, to men- 
tion only a few animals in the now 
formidable list. The demise of homo- 
grafts, as grafts of tissues or organs 
transplanted between genetically unre- 
lated individuals of the same species are 
known, is certainly not attributable to 
inadequacies of grafting procedures, 
such as temporary interruption of blood 
supply. This has been repeatedly dem- 
onstrated by comparing the short dura- 
tion of homografts with the successful 
survival of autografts of the same tissue 
—that is, grafts donated by an animal 
to itself. 

In grafting complex and relatively 
large organs, such as kidneys, it is of 
course obligatory to couple up the main 
blood vessels with those of the host at 
the operation if the grafts are to stand 
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R. E. Billingham 


any chance of survival. With small 
grafts, on the other hand, such as thin 
sheets or pieces of skin or fragments 
of ovarian tissue, close approximation 
with living, freshly exposed and vas- 
cularized mesenchymal tissues of the 
host is all that is necessary. The juxta- 
posed graft and host tissues soon be- 
come knit together through the activity 
of fibroblasts, and revascularization— 
another facet of the healing process— 
is accomplished within a day or two as 
the consequence of a sort of end-to- 
end union between some of the small 
severed vessels of the graft and those 
of the host tissue. 

Because of the ease with which they 
may be transplanted and their subse- 
quent accessibility for observation and 
removal for histological study, skin ho- 
mografts have been studied most exten- 
sively. With very few qualifications the 
conclusions reached from these studies 
appear to hold good for homografts of 
other normal tissues and of solid, ma- 
lignant tissues transplanted to many 
different sites in the body. 


Immunological Nature of 


Homograft Rejection 


One of the most fundamental ad- 
vances in homograft research was 
Medawar’s unequivocal demonstration 
in 1944 that skin homograft incom- 
patibility is not innate but is an im- 
munological phenomenon. All homo- 
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grafts enjoy at least a short period of 
well-being during which they are almost 
impossible to differentiate from auto- 
grafts. The duration of this period de- 
pends upon the amount of foreign tissue 
grafted: small homografts usually live 
longer than large ones, though this 
dosage effect is weak. The onset of 
inflammation and swelling in a skin 
homograft, accompanied at the micro- 
scopic level by an infiltration of its 
dermis by leucocytes (mainly lympho- 
cyte-like cells) from the host, the 
eventual cessation of its blood supply 
and its rapid deterioration to a necrotic 
scab, are all direct or indirect conse- 
quences of the host’s immunological 
reaction (the so-called homograft reac- 
tion) against the foreign cellular anti- 
gens present in the graft. One of the 
best expressions of the intensity or 
severity of the host’s response is the 
survival time of the graft. 

Individuals that have reacted 
against solid tissue homografts, or 
against cellular homografts such as leu- 
cocyte or spleen cell suspensions in- 
jected intravenously or by other routes, 
are sensitized so that subsequent homo- 
grafts from the original donor, or from 
another of similar antigenic constitu- 
tion, undergo an accelerated destruc- 
tion. With skin homografts this sum- 
mary rejection frequently goes hand in 
hand with failure to heal in properly. 
This “second-set” phenomenon at pres- 
ent constitutes the only test applicable 
to all species for determining whether a 
given type of tissue homograft, cell 
suspension, or extract prepared there- 
from has sensitized a recipient. That 
there is no cellular or tissue specificity 
involved in tissue transplantation im- 
munity was suggested by a body of 
evidence showing that the sensitization 
evoked in a recipient by one type of 
tissue or cellular homograft is fully 
effective against subsequent homografts 
of other types of tissue from the same 
donor. More recently, analyses making 
use of the principle of immunological 
tolerance (see below) have shown that 
all living tissue cells of the body of a 
given individual must have identical 





The author is a member of the Wistar Insti- 
tute of Anatomy and Biology, Philadelphia, Pa. 


947 








complements of the cellular antigens 
responsible for transplantation im- 
munity. 


Genetic Determination of 


Transplantation Antigens 


The most valuable tools for the anal- 
ysis of homograft incompatibility, and 
those which revealed at an early date 
that it was genetically determined, are 
the many different inbred or isogenic 
(genetically uniform) strains of mice. 
These have been produced by many 
consecutive generations of brother-sister 
matings. With one important qualifica- 
tion mentioned below, isografts (grafts 
exchanged between members. of the 
same inbred strain) are permanently 
successful, like grafts exchanged be- 
tween a pair of identical twins, since 
they all have exactly the same genes 
and consequently the same_ gene- 
determined cellular transplantation anti- 
gens. In recent years, following the 
pioneer work of C. C. Little, combined 
genetic and transplantation studies have 
shown that the antigenic substances re- 
sponsible for eliciting homograft reac- 
tions between different isogenic mouse 
strains are determined by multiple 
dominant Mendelian genes—known as 
histocompatibility genes—and that there 
are at least 15 different genetic loci in- 
volved, though only three of these have 
been subjected to analysis. The most 
important of this trinity is the so-called 
H-2 locus, which may be tenanted by 
not less than 10 alleles or alternative 
genes. Some of the alleles determine 
the formation of transplantation anti- 
gens so powerful that hosts which differ 
from their donors simply at this one 
locus—that is, with respect to a single 
antigen—may destroy a homograft 
within less than two weeks. 

Provided that the entire complement 
of genetically determined transplanta- 
tion antigens possessed by a homograft 
is also fully represented in the host’s 
own complement, that graft will survive 
indefinitely like an autograft or an iso- 
graft since it fails to confront the host 
with anything that is “foreign” to it. 
The F, hybrid animals produced by 
mating parents from two different in- 
bred homozygous strains are highly 
important, as we shall see later. Since 
each hybrid receives a set of chromo- 
somes from both of its parents, it has 
all the histocompatibility genes, and 
therefore the transplantation antigens, 
present in each parental strain. Conse- 
quently, hybrid animals are incapable 
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of reacting against homografts from 
either of the parents. It will be noted, 
however, that a parental strain graft on 
an F, hybrid host itself lacks those 
antigens of the host which the latter 
derived from the other parent. For this 
reason, Fi hybrid grafts are acceptable 
to neither parental strain (see Fig. 1). 

In addition to the three histocom- 
patibility loci referred to above, there 
is one other, known to be present in 
both mice and rats, which seems to 
provide a transplantation immunity sys- 
tem of exquisite simplicity. Males differ 
genetically from females in that they 
possess a Y chromosome which the 
females lack, and the data at present 
available strongly suggest that a weak 
transplantation antigen is determined 
by a locus present on that chromosome. 
Males will accept isografts from male 
or female donors, but females normally 
reject isografts from male donors. In 
the C57BL mouse strain the median 
expectation of survival of male skin iso- 
grafts on females is about 27 days. It 
has been shown that this factor is 
present in and determines exactly the 
same antigen in all male mice so far 
tested, irrespective of their strain, 
though for some reason not all females 
are capable of responding to it. 


STRAIN ‘A’ 








Merely to say that homograft incom- 
patibility is a genetically determined 


immunological phenomenon is not 
enough. To conclude this very brief 
introductory account of the immunology 
of homograft rejection it is necessary 
to say a little about the type of im- 
munological response involved and the 
nature of the postulated cellular trans- 
plantation antigens which provoke it. 


Cellular Nature of 


Transplantation Immunity — 


The body’s immunological defense 
mechanism usually responds to invasion 
by foreign microorganisms or to inocu- 
lation with foreign antigens such as 
bovine serum albumen or sheep red 
blood cells (which immunologists fre- 
quently employ) by the production of 
specific antibodies—protein molecules 
which are elaborated in the lymphoid 
tissues and are present in the globulin 
fraction of the serum. Directly or in- 
directly these products of the immuno- 
logical reflex lead to the inactivation 
and elimination of the particular agent 
which evoked their formation. How- 
ever, despite the fact that serum anti- 
bodies are formed in response to tissue 


Rejection 
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Fig. 1. Fates of skin homografts exchanged between mice of two different inbred strains 
and their F, hybrid. The hypothetical transplantation antigens of these parental strain 
mice are indicated by the letters CDE and CHI. Since it receives all the genes present In 
both parents, the antigenic constitution of the hybrid animal will be CDEHI. Only thos 
homografts are accepted which have no antigens that are not also represented in the host 
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Fig. 2. Mouse bearing a skin homograft, G, from which antigenic material escapes and 
reaches the draining or regional lymph node (R.L.N.) via the afferent lymphatic vessels 
(A.L.V.). The antigens stimulate the production of immunologically activated cells 
which leave the node via the efferent vessels (E.L.V.) and so reach the blood stream. 
They are carried to the homograft, infiltrate its substance, and bring about its de- 


struction. 


homografts—they can be revealed by 
their ability to agglutinate the donor’s 
ted blood cells—there is no convincing 
evidence that these antibodies are in 
any way responsible for the destruction 
of homografts of skin or other solid 
tissues. (They may, however, be the 
agents of destruction of cellular homo- 
grafts of lymphocytic cells and of cer- 
tain types of leucotic and ascites tu- 
mors.) For example, serum prepared 
from the blood of animals which have 
rejected homografts will not bring about 
the accelerated rejection of appropriate 
test tumor or skin homografts if it is 
transferred to other “virgin” mice of 
the serum donor’s own strain. 

As N. A. Mitchison was first to 
demonstrate, transplantation immunity 
can be transferred from one animal to 
another only by means of lymphoid 
cells prepared from the lymph nodes or 
the spleen of a sensitized animal. As 
studies with more familiar types of 
antigens have established, these organs 
and the scattered and less clearly de- 
fined foci of lymphoid tissue which are 
present in most other organs and tissues 
of the body contain those cells which 
can manufacture antibodies—that is, 
immunologically competent cells, which 
I shall refer to hereafter noncommittal- 
ly as lymphoid cells. All the evidence 
at present available is consistent with 
the view that the homograft reaction 
is called into being by the passage of 
antigens from the graft via the draining 
lymphatic vessels to the regional lymph 
nodes where they stimulate the produc- 
tion of immunologically activated cells 
Which resemble the lymphocytes of the 
blood. These activated cells then leave 
their site of origin, and after passage 
through the blood stream infiltrate the 
homografts for whose destruction they 


16 OCTOBER 1959 


are ultimately responsible (Fig. 2). 
Some authorities believe that these cells 
are the vehicles for fixed antibodies 
which are bound to their surfaces and 
that these are the antibodies responsible 
for destroying the homografts. How- 
ever, it must be emphasized that the 
actual mechanism whereby these “sen- 
sitized” cells bring about graft destruc- 
tion still awaits experimental elucida- 
tion. Other types of cell-mediated, as 
opposed to circulating-antibody-medi- 
ated, immunological responses are 
known: they include the tuberculin re- 
action and allergies to certain chemicals. 


Chemical Nature of the Antigens 


The nature of the antigenic sub- 
stances responsible for transplantation 
immunity has long been a provocative 
question, especially since even the most 
conservative methods of killing cells or 
tissues completely destroy their ability 
to sensitize if they are grafted or in- 
jected. Recently it has been shown that 
despite their lability, antigenically ac- 
tive substances can be extracted in 
aqueous solution from living tissue cells 
of mice and guinea pigs. Preliminary 
analysis indicates that their determinant 
groups are amino acid polysaccharide 
complexes. 


Reaction of Grafts against 


Homologous Animals 


So far we have been exclusively con- 
cerned with a survey of what is known 
about the destructive forces which are 
brought into action when an animal is 
confronted with a graft of homologous 
tissue. The primary purpose of this 


article, however, is to give an account 
of a new aspect of transplantation im- 
munology: the situation in which, at 
least in an immunological sense and as 
a consequence of various experimental 
artifices, the roles of host and graft 
are reversed. 

In 1953 Dempster and Simonsen, 
studying the fate of kidney homografts 
in dogs, independently observed cyto- 
logical changes in the reticuloendothelial 
cells (lymphoid-type cells) present in 
these organs which they postulated 
might be indicative of antibody forma- 
tion against the antigens of the host. 
This hypothesis was perfectly plausible: 
being continuously perfused with the 
foreign (from their point of view) 
blood of the host, the grafted kidneys 
were certainly thoroughly exposed to 
an antigenic stimulus. Unfortunately 
these homografted organs were de- 
stroyed by the conventional homograft 
reaction long before more convincing 
evidence could be obtained of their 
possible counterattack against the hosts. 

From what has already been said in 
the introduction, it follows that for a 
graft to be able to launch and sustain 
an immunological attack on its recipient 
there are at least three prerequisites: 
first, it must contain mature immuno- 
logically competent cells; second, the 
host must possess important trans- 
plantation antigens (histocompatibility 
genes) which are lacking in the graft, 
so that the host appears foreign to it; 
and third, the host must itself be in- 
capable of reacting against the graft, at 
least for a long enough time for the 
latter to manifest its immunological 
capabilities—like some Sinbad forced 
to endure the insults of an Oid Man 
of the Sea whom he cannot dislodge 
from his shoulders. 

During the last few years several dif- 
ferent means have been forthcoming 
for making animals completely or at 
least temporarily incapable of rejecting 
tissue or cellular homografts so that 
they become praft or cellular chimeras, 
thus fulfilling one of the essential con- 
ditions for the revelation of graft- 
versus-host reactions. 


“Runt Disease” in Immunologically 
Tolerant Animals 


It was long believed that embryos 
or very young animals are incapable 
of immunological responses, largely on 
the basis of such empirical facts as the 
almost universal hospitality of avian 
embryos to foreign tissue grafts or 
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microorganisms and the inability of 
very young animals to form antibodies. 
Investigations in which living homolo- 
gous cells were inoculated into embry- 
onic or newborn mice, chickens, and 
animals of other species have shown 
that the hosts may in fact respond to 
these antigens—by becoming tolerant 
of them. To quote one example: if a 
newborn A strain mouse is injected in- 
travenously or intraperitoneally with a 
suspension of spleen cells prepared from 
a CBA strain donor, then when the A 
strain mouse grows up it will be found 
to be incapable of reacting against a 
skin or other tissue homograft from 
the CBA donor strain. Furthermore, as 
immunological tests have shown, the 
splenic cells which called the tolerant 
state into being show a _ remarkable 
“homing” instinct, for they appear to 
settle out electively in, and so become 
foreign residents of, anatomically ap- 
propriate tissues of the new host—that 
is, its various lymph nodes, its thymus, 
spleen, bone marrow, and almost cer- 
tainly all the small aggregates of lymph- 
oid tissue which are present in most 
organs of the body. This state of ac- 
quired immunological tolerance is high- 
ly specific; it extends only to subsequent 
tissue homografts having the same anti- 
genic constitution as the initial neonatal 
inoculum, and it depends upon the in- 
ability of the host’s lymphoid tissues 
to become sensitized to the antigens to 
which they were exposed at an early 
state of their development. 

The actual mechanism of immuno- 
logical tolerance, like the mechanism 
of antibody formation, is still in the 
realm of speculation. The principle of 
tolerance certainly applies to antigens 
of many different kinds. Its present 
significance is that it affords one means 
of enforcing acceptance of homografts 
upon a host. 

In our initial studies on the induction 
of tolerance in newborn mice with adult 
splenic cells, L. Brent and I were par- 
ticularly lucky in our selection of 
strains CBA and A. The postoperative 
mortality of our hosts was low, and 
most of the tolerant animals remained 
outwardly normal. However, the lymph- 
oid organs of nearly all these animals 
manifested at least some degree of 
hypoplasia, a fact which for a while 
we were at a loss to explain. With other 
strain combinations, however, and par- 
ticularly with those which probably dif- 
fered from their donors with respect to 
powerful transplantation antigens de- 
termined by the H-2 locus, it was ob- 
served that many of the mice stopped 
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Fig. 3. Three 12-day old “A” strain mice. The two on the left were injected at birth with 
splenic cells from an adult C57 strain mouse and are now very sick and emaciated. Their 
uninjected littermate, on the right, is perfectly healthy. 


growing within a week or two of in- 
jection, became emaciated, and usually 
suffered from diarrhea (Fig. 3). Most 
of the mice thus affected died within a 
few days, but some lingered on for two 
or three months as chronically sick 
and grossly stunted individuals with 
abnormally sparse fur (Fig. 4). Apart 
from impairment of growth, the most 
striking and constant symptom of “runt” 
disease, as we christened it, was the 
widespread involution of lymph nodes 
and the lymphoid or Malpighian centers 
in the spleen, though frequently dis- 
tinctive lesions in the liver were ob- 
served. 

Several different lines of evidence 
suggested that this disease was the out- 
come of a reaction on the part of im- 
munologically competent cells, intro- 
duced in the neonatal inoculum, against 
the antigens of the host. Presumably 
the foreign antigens of the host, con- 
fronting these cells in the milieu in 
which they had settled out (the host’s 
own lymphoid tissues), stimulated them 
to proliferate and so add weight to the 
immunological attack. It is almost in- 
conceivable that a dosage of a million 
splenic cells—all that is necessary to 
cause fatal runt disease with some strain 
combinations—is in itself sufficient to 
do the damage. To cite only a little of 
the evidence that runt disease is the 
expression of a graft-versus-host reac- 
tion: The severity of the disease is 
greatest when the donor and host strains 
are most distantly related genetically, 
and no symptoms of runt disease are 
detectable if the donor and recipient 
strains are very closely related. The 


severity of the disease is heightened, 
as one would expect, if splenic cells, 
instead of being taken from a “virgin” 
adult donor, are taken from a donor 
which has previously been sensitized 
against the cellular antigens of the in- 
tended recipient. Finally, and most im- 
portant, is the fact that runt disease 
does not appear if splenic cells from an 
F, hybrid donor are injected into new- 
born mice of one of the parental strains, 
though the recipients may become tol- 
erant of homografts from the other 
parental strain. 

In attempts to confer tolerance with- 
out the intervention of runt disease, 
leucocyte concentrates prepared from 
whole blood and suspensions of bone 
marrow cells were investigated. Con- 
trary to expectation, since the majority 
of blood leucocytes in normal animals 
are thought to be expendable end- 
products incapable of further prolifer- 
ation, it was found that suspensions of 
these cells are just as potent as spleen 
cells in causing runt disease. These re- 
sults strongly suggest that at least one 
type of blood leucocyte is immuno- 
logically competent and capable of pro- 
liferation. Bone marrow cells, on the 
other hand, although they conferred tol- 
erance very satisfactorily, rarely killed 
animals even when they were employed 
with strain combinations which would 
have invariably been fatal had splenic 
or lymph node cells been used. This 
finding is entirely consistent with the 
fact that marrow, unlike spleen, con- 
tains relatively little lymphoid tissue. 

Quite independently, a phenomenon 
essentially similar to runt disease was 
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discovered in chickens by Simonsen, 
who had deliberately set out to put his 
original hypothesis about graft-versus- 
host reactions on a sound experimental 
basis. He found that the intravenous 
inoculation of embryonic chicks with 
splenic cells from an unrelated adult 
donor caused a fairly prompt enlarge- 
ment of the host’s spleen and liver, with 
distinctive pathological lesions in these 
and other organs, accompanied by an 
acute hemolytic anemia. The disease 
usually killed the hosts within a week 
or two of hatching. Careful histological 
studies strongly suggested that the af- 
fected organs of these animals had 
undergone varying degrees of replace- 
ment of their normal cell populations 
with proliferating lymphoid cells of 
donor origin. In the bone marrow, for 
example, the blood-forming cells were 
almost entirely replaced by lymphoid 
cells, and it was presumed that the 
native cell population had been de- 
stroyed immunologically. Simonsen also 
found that adult whole blood or the 
leucocytes isolated from it produced 
splenic enlargement on inoculation into 
embryos. This spleen-enlarging principle 
was serially propagated from 3-day old 
chicks to 18-day embryos and so on, 
for nine consecutive passages. Here, 
then, is unequivocal evidence that the 
inoculated cells must proliferate in their 
new hosts, presumably in response to 
the antigenic stimulus. Furthermore, as 
with the mice, the blood of adult chick- 
ens clearly contains immunologically 
competent cells. The fact that cells from 
very young donors did not affect their 
hosts was to be expected, on account 
of the immaturity of the immunologi- 
cally competent cells. Indeed, the 
latter probably became tolerant of their 
hosts! 

It had previously been established by 
other workers that experimental or nat- 
ural parabiotic union between avian or 
mammalian embryos permitting a mu- 
tual exchange or cross transfusion of 
blood leads to the production of animals 
which are cellular chimeras and there- 
fore are tolerant of subsequent grafts 
of tissues interchanged between them, 
but are perfectly normal in other re- 
spects—that is, there are no symptoms 
of runt disease. 

In subsequent experiments Simonsen 
and Cock obtained even more compel- 
ling evidence that the splenomegaly 
and other lesions in the young chicks 
were the outcome of their cellular 
homografts reacting against them. Us- 
ing inbred strains of chickens, Simon- 
sen found that blood from one parental 
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strain caused enlargement of spleens 
and livers on inoculation into newly 
hatched F; hybrid individuals, whereas 
adult hybrid blood inoculated into 
hybrid or parental strain hatchlings was 
without significant effect, as one would 
expect ex hypothesi. It may be empha- 
sized that in both Billingham and 
Brent’s work and in Simonsen’s, care 
was taken to eliminate any possibility 
that “runt disease,” or its equivalent in 
chickens, was caused by pathogenic 
organisms accidentally introduced along 
with the cells into immature and im- 
munologically defenseless hosts. The 
disease is unequivocally immunological 
in origin, and the reacting cells are 
those of the graft. 

It is interesting to recall that the 
striking splenomegaly that almost in- 
variably follows the transplantation of 
adult homologous splenic tissue, and 
not infrequently grafts of other adult 
tissues, to the chorioallantoic membrane 
of the embryonic chick has been re- 
peatedly observed for more than 40 
years and accounted for by several in- 
genious hypotheses. Final solution of 
this problem was not possible until the 
recent development of the concept of 
graft-versus-host reactions. The solu- 
tion depended also on an appreciation 
of the surprising mobility of apparently 
fixed lymphoid cells, and of their un- 
canny power of taking up residence 
among cells of their own kith and kin 


and turning upon their new neighbors. 
Indeed, with appropriate controls, 
splenomegaly in the chick embryo fur- 
nishes a valid test for the presence of 
immunologically competent cells in 
grafts of homologous tissues from adult 
donors. For example, this test has re- 
vealed that adult chickens’ skin, care- 
fully perfused to remove all residual 
blood cells, still retains the spleen- 
enlarging property—hence must con- 
tain immunologically competent cells. 
Evidence of the reaction of inocula 
containing immunologically competent 
cells against homologous embryonic or 
very young hosts has now been ob- 
tained in other species, including rats, 
hamsters, and rabbits; preliminary ex- 
periments suggest that the phenomenon 
occurs in salamanders too. The disease 
may also appear when donor and re- 
cipient belong to different species, as 
when the donor is an adult turkey and 
the recipient a chick embryo. In the 
reaction to heterografts, as in the nor- 
mal homograft reaction, the grafted 
lymphoid cells appear to produce anti- 
bodies which may coat the red cells of 
the host, but there is no evidence that 
the antibodies are responsible for runt 
disease. A likely contributory factor to 
the deaths of the “runts” is probably 
their gross deficit of lymphoid tissue, 
which renders them highly susceptible 
to infection, for example, from patho- 
gens present in their own intestines. 





Fig. 4. Two 2-month old “A” strain mice which were injected at birth with C3H strain 
spleen cells. The smaller animal is suffering from chronic runt disease and weighs only 
6 gm. Note the characteristic scruffy condition of its fur. Its brother weighs 22 gm and 


is perfectly healthy. 
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Delayed Deaths in Radiation Chimeras 


The red blood cell forming and 
lymphoid tissues are particularly suscep- 
tible to ionizing radiations so that, at 
least in some species, and particularly 
in the mouse, it is possible to give a 
dosage of x-irradiation which is suffi- 
cient to destroy these two tissues, but 
does very little damage to the remain- 
der. Of course, this treatment is nor- 
mally fatal within a few days. How- 
ever, if the irradiated mice are promptly 
given an intravenous injection of living 
cells from the blood-forming tissues of 
other mice—adult bone marrow or in- 
fant spleen—they will recover from the 
radiation syndrome. 

Independent investigations, employ- 
ing a variety of techniques, have shown 
that the protection afforded by the 
inoculated cells depends upon their 
migration to anatomically appropriate 
places, where they recolonize the de- 
pleted “frameworks” of the marrow 
spaces and lymphoid tissues and thus 
restore function. If the inoculated cells 
come from a genetically similar or 
isologous donor, the host may expect 
to live quite happily on its borrowed 
marrow for a very long time. If, how- 
ever, donor and recipient belong to dif- 
ferent strains the loan may be less 
satisfactory; deaths of the resultant 
homologous chimeras may occur within 
a matter of a few weeks or a month 
or two. Where protection is afforded 
by cells of heterologous origin—for ex- 
ample, rat to mouse—the life expect- 
ancy may be even shorter. These ‘“de- 
layed deaths” are attributed to a syn- 
drome variously described as secondary 
radiation sickness, homologous disease, 
or wasting disease. The symptoms close- 
ly resemble those of runt disease: usu- 
ally loss of weight, poor condition of 
the fur, diarrhea, and involution of 
lymphoid tissue. 

Although all authorities are in agree- 
ment that this disease is immunological 
in origin, some division of opinion still 
prevails as to whether it is due to a 
reaction on the part of some of the 
grafted cells against the host, as Trentin 
first suggested, or to a gradual recovery 
of the host’s own lymphoid cells, 
through the proliferation of a few sur- 
vivors, and the immunological destruc- 
tion or rejection by these host cells of 
the borrowed hematopoietic or blood 
cell forming tissue upon which survival 
of the animal depended. The general 
conclusion to be drawn from numerous 
experiments employing the same prin- 
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ciples as those used in analyzing runt 
disease is that the delayed deaths fol- 
lowing potentially lethal irradiation are 
a consequence of the cellular homo- 
grafts reacting against their hosts. To 
mention only two of the many im- 
portant pieces of evidence which sup- 
port this conclusion: delayed deaths 
may be avoided by the use of cells from 
adult F, hybrid donors or cells from 
fetal donors. With lower dosages of 
irradiation the host is more likely to 
recover its own immunological defense 
mechanism so that the reaction of host 
against the cellular homograft becomes 
the predominating cause of death. There 
is, in fact, no reason why attacks from 
both directions cannot take place con- 
comitantly if lymphoid cells of both 
donor and recipient types are present. 
The fact that homologous bone marrow 
inoculated into newborn mice induces 
immunological tolerance with only sub- 
clinical manifestations of runt disease, 
whereas homologous marrow inoculated 
into adult irradiated mice may cause a 
high proportion of delayed deaths (even 
with the same donor-recipient com- 
bination) is not necessarily paradoxical. 

Although in an immunological sense 
the two situations are comparable—the 
hosts in both situations being immuno- 
logically defenseless—in an anatomical 
sense there are several important dif- 
ferences. Thus, in the irradiated animal 
the host’s marrow and lymphoid tissues 
have been destroyed, making plenty of 
room for the small proportion of im- 
munologically competent ingredients 
among the donor’s marrow cells to es- 
tablish themselves and build up a popu- 
lation large enough to cause immuno- 
logical damage; in the newborn animal 
the limited sites available are already 
colonized so that there is less oppor- 
tunity for insurgent cells to develop in 
sufficient numbers to do serious harm. 


“Runt” or “Homologous” Disease 


in Genetically Tolerant Hosts 


There is one immunogenetic situa- 
tion which should give a graft every 
opportunity of reacting against its adult 
host yet require no pretreatment or 
conditioning of the latter. This obtains 
when cells from one parental strain are 
introduced into an F, hybrid (see previ- 
ous section on genetic determination of 
transplantation antigens). 

In some strain combinations, very 
young hybrid mice inoculated with 
parental strain cells are highly suscep- 


tible to acute runt disease but gradually 


become resistant; inoculations given 
more than about two weeks after birth 
are apparently harmless. Similar results 
have been obtained with hybrid chick- 
ens. In other mouse strain combina- 
tions, however, the adult hybrid mice 
do retain their susceptibility. How is 
this loss of susceptibility to be ex- 
plained? It seems reasonable to suppose 
that the actual dosage of the cellular 
homograft and the “power” of the anti- 
genic stimulus it receives from the host 
are important. The fact that sublethal 
dosages of irradiation increase the 
vulnerability of adult hybrids hints at 
another factor: insidious competition 
of the inoculated cells with the native 
and established cells for lebensraum 
before they can express their Quisling- 
like properties. Other things being 
equal, one might expect adult lymphoid 
cells to be at some advantage in com- 
peting with their homologues in im- 
mature hosts, but when recipient as 
well as donor is adult the situation may 
well be less favorable for the cells of 
the latter to gain lodgment unless they 
have been aided by a little site-clearing 
by prior sublethal irradiation. More- 
over, hybrid cells may, like hybrid 
animals, possess a “vigor” which ex- 
ceeds that of the parental strain cells. 

One important question still to be 
resolved concerns the activity or fate 
of immunologically competent cells in 
those immunologically tolerant mice, 
radiation chimeras and F, individuals 
which do not succumb to graft-versus- 
host reactions. Unquestionably, many 
of these cells survive for very long 
periods, if not for the remainder of 
their host’s lives. Do they maintain a 
chronic though virtually asymptomatic 
attack on their hosts—like the long- 
drawn-out course of some autoimmune 
diseases in which individuals react 
against some of their own specialized 
body ingredients? 


Parabiosis Intoxication 


Surgical parabiosis is, in effect, the 
grafting of two animals together, and 
has long formed part of the armamen- 
tarium of the endocrinologist. With 
parabiotic unions between members of 
the same species, usually rats or mice, 
a distinctive syndrome, commonly re- 
ferred to as parabiosis intoxication, has 
long been recognized. Usually one para- 
biont loses weight and dies within a 
week or two after union, whereas its 
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partner appears unaffected—although 
sometimes both members may die. This 
disease has not been made the subject 
of systematic investigation, but there 
are strong indications that it is the 
outcome of an immunological incom- 
patibility between the parabionts. For 
example, littermate rats are less suscep- 
tible to it than nonlittermate rats, and 
inbred mice may be parabiosed with im- 
punity. Also consistent with this inter- 
pretation are reports of involution of 
the lymphoid tissues and spleens of the 
smaller animals and of a hyperplasia 
of these tissues in the larger animals. 
So far as it goes, all the evidence sug- 
gests that there is a striking similarity 
between parabiosis intoxication and 
homologous or runt disease. 

Pregnancy in mammals may also be 
regarded as a form of parabiosis or 
homotransplantation. However, the com- 
plete separation of the fetal from the 
maternal blood circulations is generally 
held to be the most important factor 
in preserving these animals from im- 
munological extinction. However, in 
man, hemolytic disease of the newborn 
is an unpleasant reminder that this bar- 
tier is not completely infallible. Hemo- 
lytic disease is usually held to be 
brought about by the accidental entry 
of “foreign” fetal cells into the mother, 
where they elicit the formation of anti- 
bodies. These then pass back across the 
placenta into the fetal circulation. How- 
ever, there is an alternative mechanism 
which may be worth bearing in mind, 
now that it has been shown from the 
experiments on runt disease that adult 
blood contains immunologically com- 
petent cells. Hemolytic disease may be 
caused by the entry of maternal leu- 
cocytes into the fetus, where they be- 
come established as cellular homografts 
and so react against the host from 
within. Although there are cogent rea- 
sons why this explanation cannot be 
applicable to all cases of hemolytic 
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disease of the newborn, it would cer- 
tainly account for the small proportion 
of recorded cases in which no evidence 
of sensitization was forthcoming from 
examination of the mother’s blood. 


Conclusion 


Runt disease in small rodents or 
chick embryos provides one of the 
simplest diagnostic tests for immuno- 
logic competence of inoculated adult 
cells. For example, it has shown un- 
equivocally that the thymus contains 
such cells, a finding paralleled by the 
fact that homologous disease may fol- 
low the inoculation of parental thymo- 
cytes into sublethally irradiated F: 
hybrid hosts. Furthermore, experiments 
currently in progress show that the 
median survival time of newborn mice 
inoculated with a constant dosage of 
cells obtained from different types of 
lymphoid tissue can be employed as a 
quantitative measure of their relative 
immunological efficacy. This test system 
is already being used in several labora- 
tories to find out which of the types of 
leucocytes is responsible for the immu- 
nological reactivity of peripheral blood. 
The two principal candidates appear to 
be the so-called small and large lympho- 
cytes, of which the former is by far the 
more abundant. 

Of clinical interest is the possible use 
of body “spare parts” if the problem 
of homograft survival should be solved. 
Before the widespread utilization of 
clinical spare parts could be safely un- 
dertaken, it would be necessary to 
evaluate carefully the possible impor- 
tance of graft-versus-host reactions. 
Could a kidney homograft, for example, 
conceivably damage its host by virtue 
of the small amount of lymphoid tissue 
it contains? The question is clearly ir- 
relevant in the case of some tissues, 
such as skin, which lack lymphoid-type 


cells. The risk of incurring “homologous 
disease” in man has already been justi- 
fiably undertaken. For example, reports 
have recently appeared in the lay press 
of the apparently successful treatment 
of five patients who had accidently re- 
ceived high dosages of irradiation by 
giving them infusions of adult homolo- 
gous marrow. Attempts are also being 
made to employ total body irradiation 
in the treatment of leukemia, the wide- 
spread damage to the patient’s blood- 
forming tissues being made good by in- 
fusions of homologous marrow cells. 
A well-recognized complication here is 
the fact that functional lymphoid tissue 
is essential for the individual to protect 
himself against pathogens. As the ex- 
periments already described in this 
article have shown, one way in which 
this risk can be eliminated is to employ 
immature tissues from fetal donors, so 
that the transplanted lymphoid-type 
cells will become tolerant of their host. 
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Automatic Linkage of 


Vital Records 


Computers can be used to extract “follow-up” 
statistics of families from files of routine records. 


H. B. Newcombe, J. M. Kennedy, S. J. Axford, A. P. James 


The term record linkage has been 
used to indicate the bringing together 
of two or more separately recorded 
pieces of information concerning a par- 
ticular individual or family (7). Defined 
in this broad manner, it includes almost 
any use of a file of records to deter- 
mine what has subsequently happened 
to people about whom one has some 
prior information. 

The various facts concerning an in- 
dividual which in any modern society 
are recorded routinely would, if brought 
together, form an extensively docu- 
mented history of his life. In theory at 
least, an understanding might be de- 
rived from such collective histories con- 
cerning many of the factors which op- 
erate to influence the welfare of human 
populations, factors about which we are 
at present almost entirely in ignorance. 
Of course, much of the recorded in- 
formation is in a relatively inaccessible 
form; but, even when circumstances 
have been most favorable, as in the 
registrations of births, deaths, and mar- 
riages, and in the census, there has been 
little recognition of the special value of 
the records as a source of statistics 
when they are brought together so as to 
relate the successive events in the lives 
of particular individuals and families. 
The chief reason for this lies in the high 
cost of searching manually for large 
numbers of single documents among 
vast accumulations of files. It is obvious 
that the searching could be mechanized, 
but as yet there has been no clear dem- 
onstration that machines can carry out 
the record linkages rapidly enough, 
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cheaply enough, and with sufficient ac- 
curacy to make this practicable. 

The need for various follow-up studies 
such as might be carried out with the 
aid of record linkage have been dis- 
cussed in detail elsewhere (/, 2), and 
there are numerous examples of im- 
portant surveys which could be greatly 
extended in scope if existing record files 
were more readily linkable (3). Our 
special interest in the techniques of rec- 
ord linkage relates to their possible use 
(i) for keeping track of large groups of 
individuals who have been exposed to 
tow levels of radiation, in order to de- 
termine the causes of their eventual 
deaths (see 4, chap. 8, para. 48; 5), 
and (ii) for assessing the relative im- 
portance of repeated natural mutations 
on the one hand, and of fertility dif- 
ferentials on the other, in maintaining 
the frequency of genetic defects in 
human populations (see 4, chap. 6, 
para. 36c). 

Our own studies (6) were started as 
part of a plan to look for possible dif- 
ferentials of family fertility in relation 
to the presence or absence of hereditary 
disease (through the use of vital records 
and a register of handicapped children). 
The first step has been the development 
of a method for linking birth records 
to marriage records automatically with 
a Datatron 205 computer. For this pur- 
pose use has been made of the records 
of births which occurred in the Ca- 
nadian province of British Columbia 
during the year 1955 (34,138 births) 
and of the marriages which took place 
in the same province over the 10-year 
period 1946-55 (114,471 marriages). 
Fortunately, these records were already 
in punch-card form as a part of Cana- 
da’s National Index, and from them 
could be extracted most of the neces- 
sary information on names and other 


An intensive 


identifying particulars. 
study of the various sources of error in 
the automatic-linkage procedure has 
now been carried out on approximately 
one-fifth of these files. 


Technical Problems 


One of the chief difficulties arises 
from the unreliability of the identifying 
information contained in successive rec- 
ords which have to do with the same 
individual or married pair. The spell- 
ings of the surnames may be altered, 
the first Christian name on one record 
may become the second on another, and 
the birthplaces and ages may not be 
correctly stated. Much of the design 
effort must be directed toward ensuring 
that records can be linked in spite of 
such discrepancies, which in our files 
occurred with frequencies of about 10 
percent of all record linkages involving 
live births and 25 percent of all link- 
ages involving stillbirths. 

A second problem relates to ambigu- 
ous linkage, in which it is uncertain 
whether or not a birth has arisen out of 
a particular marriage, or where there 
are two or more marriages any one of 
which might be that of the parents. 
These problems tend to occur when the 
husband’s surname and the wife’s maid- 
en name are both common in the region 
studied, but they can also be associated 
with rarer family names, as in the mar- 
riage of two brothers to two sisters, and 
in certain racial minority groups. The 
difficulty increases with the size of the 
population under study. 

At first sight these considerations 
might seem to preclude any extensive 
use of automatic record linkage as 4 
source of statistics, since it is not at all 
obvious that the rules of judgment as 
exercised by a human being can be 
adapted to machine use. Also, partially 
mechanized record-linkage operations 
have proved laborious in the past (7). 

Nevertheless, satisfactory procedures 
were eventually developed. These began 


with a series of small-scale attempts to | 


link records visually, and thus to gain 
insight into the causes of any failures. 
The first of these studies was carried 
out at the Bureau of Statistics by one 


of us (S.J.A.) and made use of one of | 


the standard phonetic name-coding sys 
tems to reduce the undesirable conse- 
quences of spelling discrepancies in link- 
ing records of sibling stillbirths. The 
gradual evolution of the method since 
that time has served to make it evident 
that further refinements can undoubted- 
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Fig. 1. (Top) Frequency distribution of brides’ maiden names, in Soundex coded form, 
from records of 114,471 marriages in British Columbia for 1946-55. (Bottom) Fre- 
quency distribution of family-name pairs for married couples, in Soundex coded form, 
from the same records. Two East Indian names, of which one is customarily passed from 
mother to daughter and the other from father to son, were omitted. These occurred 
together in the same combination in approximately 100 marriages. 
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ly be developed and that no limit to the 
possible reliability of the linkages is yet 
in sight. 


Methods 


Of primary interest was the develop- 
ment of a procedure which would be 
fully automatic and free from piecemeal 
operations which might later limit the 
usefulness of the approach. This aim 
was achieved, chiefly because the use of 
a computer made it possible to compare 
each birth record in turn with all of 
the marriage records in appropriate sec- 
tions of the marriage file. Since groups 
of marriages were sometimes scanned a 
number of times, it is apparent that this 
operation could not have been carried 
out with conventional card-handling 
equipment. Thus, without the computer, 
a visual search through printed lists 
would have been required to achieve 
some of the linkages. 

To reduce the number of marriage 
records with which the computer must 
compare a birth record, it was decided 
to make use of both the husband’s sur- 
name and the wife’s maiden name, these 
being present on both the marriage and 
the birth cards. The surnames were first 
reduced to phonetic codes, consisting in 
each case of the first letter of the name 
followed by three numeric digits and 
known as the Russell Soundex Code 
(8), the computer being used for the 
coding operation. The codes served two 
purposes: They were designed to remain 
unchanged with many of the common 
spelling variations and in the present 
application were thus expected to bring 
together linkable records which would 
have been widely separated if arranged 
in a strictly alphabetic sequence. The 
coding also simplified the subsequent 
use of the Datatron computer, which is 
essentially a mathematical instrument 
and works more readily with numbers 
than it does with letters. 

The extent to which two surnames 
are more efficient than one for identify- 
ing a family group has probably not 
been generally recognized. Thus, of the 
various brides’ maiden names encoun- 
tered in the marriage file, more than 
half recurred (in their coded forms) 
with frequencies in the range from 64 
up to 1024 per 10°. In contrast to this, 
nearly 80 percent of the pairs of family 
names (in their coded forms) were 
unique; that is, they occurred only once 
in our file in that particular combina- 
tion, and extremely few had frequencies 
exceeding 4 per 10° (see Fig. 1). This 
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meant that we could mechanically com- 
pare each birth for the entire year with 
all of the marriages, using the same pair 
of surname codes, and that only rarely 
would the number of code matchings 
exceed one or two per birth. 

To enable the computer to decide 
whether or not a birth and a marriage 
relate to the same married pair, use 
must be made of other identifying par- 
ticulars. We relied chiefly on six items: 
the full alphabetic family names of the 
husband and wife (limited to nine let- 
ters each), their provinces or countries 
of birth (each coded as a two-digit 
number), and their first initials. In ad- 
dition, the ages of the married pair were 
available on our cards for all of the 
birth records and for about half of the 
marriage records (that is, for marriages 


in the period 1951-56); the second ini- 
tials were present in the case of the 
birth file; and the name of the city or 
place of the event (restricted to six let- 
ters) was available throughout both files. 

As mentioned earlier, no one piece of 
information was entirely reliable. Usu- 
ally it was obvious on inspection that 
the two events did, or did not, relate 
to the same married pair, but occasion- 
ally the decision was difficult. For this 
reason the computer had to calculate 
a probability that the couples were the 
same, or were different. The operation 
was performed automatically when the 
files were first matched. 

The principle on which such a prob- 
ability was based is fairly simple. If, 
for example, the province or country 
of birth of both the husband and wife 
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Fig. 2. (Top) Frequency distribution of the probabilities (in binits) obtained on com- 
paring birth and marriage records having identical Soundex code pairs (calculated with- 
out using ages), based on records contained in the first fifth of the birth and marriage 
files (husband’s surname beginning with A, B, or C). For this comparison only legiti- 
mate live births and marriages recorded in 1951-55 (a period for which ages are avail- 
able) were considered. There were 2174 cases of genuine linkage and 1232 cases of 
accidental Soundex agreement. (Bottom) Same as above, except that the ages were used 
in calculating the probabilities, 


956 





agree on the two records, these facts 
may influence somewhat our belief that 
these records relate to the same married 
pair. Of course, the weight which one 
attaches to the information will be small 
if both have been born in the home 
province of British Columbia, but it will 
be large if they happen to have been 
born in, let us say, Switzerland and 
New Zealand, respectively. To give this 
a mathematical form it is necessary to 
know the frequencies for the various 
birthplaces of brides and grooms, and 


these can be determined quite readily ; 


either from published statistics or from 
the files themselves. 

Similar reasoning can be applied to 
any item of identifying information, 
and to both agreements and disagree- 
ments. In order that the probabilities 
may be added together they must be 
converted to logarithms, and it is con- 
ventional practice in information theory 
to use logarithms to the base 2 of the 
probabilities expressed in the form of 
the “odds,” for or against. The units 
are known as “binits.” Thus, if the odds 
were 16 to 1 in favor of a genuine link- 
age, this would be represented as plus 4 
binits, and odds of 16 to 1 against would 
be minus 4 binits, It is convenient to 
remember that a value of 10 binits is 
equivalent to odds of approximately 
1000 to 1. 

For present purposes, the probability 
or odds associated with a given agree- 
ment or disagreement may be obtained 
in binit units from the expression: 


log, Py, — log, Py (1) 


where p;, and py are the frequencies 
with which the agreement or disagree- 
ment occurs, respectively, in the linked 
pairs of records and in pairs which have 
been brought together by accident. The 
expression will have a positive value in 
the case of agreement and a negative 
value in the case of disagreement. 

As applied to agreements of initials 
and birthplaces, the expression can ust- 
ally be simplified without any great loss 
of accuracy, since the particular letter 
or place should agree in the linked rec- 
ords almost as often as it appears in the 
individual records, and the chance of a 
fortuitous agreement will in most cases 
be approximately the square of this 
frequency. By substitution, expression 
1 thus becomes: 


log, Pp — log, (Py)* = — log, pp (2) 


where Pp is the frequency of the pal 
ticular initial or birthplace in the indi- 
vidual records. 
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The contamination with spurious link- 
ages will tend, however, to vary in direct 
proportion to the size of the marriage 
file with which the births are compared. 
Thus, in any future studies of larger 
populations it might be desirable to 
make use of additional identifying in- 
formation. Christian names (perhaps re- 
stricted to four letters each), the city of 
birth of the husband and of the wife, 
respectively (likewise restricted to a few 
letters), and the province and year of 
marriage (not shown at present on the 
birth registration form) would all be 
suitable data for this purpose. The last 
of these three groups of items, however, 
would be of special value in effectively 
reducing the size of the marriage file 
with which any one birth would have 
to be compared, and in this manner re- 
ducing the false linkages. Occasional in- 
accuracies in the additional information 
would not greatly alter its usefulness in 
view of the nature of the handling pro- 
cedures. 

It is doubtful whether the present ac- 
curacy of the procedure can be matched 
by that of conventional survey and in- 
terview techniques, and its potential ac- 
curacy is certainly much greater than 
that of conventional techniques. 


Speed of Record Linkage 


By far the largest part of the effort in 
this undertaking has gone into the prep- 
aration of the card files. This has in- 
cluded, in the case of the marriage cards, 
a mechanical reproduction of the infor- 
mation contained in the existing Nation- 
al Index marriage cards for brides and 
for grooms, respectively, on a single card 
of our own format. Likewise, a part of 
the contents of our birth cards was ob- 
tained by reproduction from existing 
National Index birth cards, but in this 
case the maiden name of the mother and 
a number of other items were then 
added from cards which had been espe- 
cially key-punched for the purpose. The 
family names on all cards in both files 
were Soundex coded by means of the 
computer, and the files were sorted into 
a Soundex sequence by pairs of codes, 
and listed. For the purpose of the initial 
record-linkage study the part of the 
marriage file for married pairs in which 
the groom’s surname began with A, B, 
or C (approximately one-fifth of the 
total file) was transferred to magnetic 
tape. 

This done, the computer made the 
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necessary birth-to-marriage comparisons 
when presented with the birth cards, 
matchings with respect to the pairs of 
name. codes being achieved at a rate of 
approximately one comparison every 3 
seconds. About half of these code agree- 
ments represented genuine linkages (/0). 
(Subsequently the whole of the birth 
and marriage files were put on magnetic 
tape and linked automatically by the 
computer. ) 

The initial steps would be largely 
eliminated were the format of the cards 
which are prepared routinely designed 
with a view to their possible use for 
record-linkage purposes. Also, an im- 
provement in the rate at which the com- 
puter makes the comparisons can be 
gained in later operations by limiting 
the longer computations to the relative- 
ly small number of comparisons where 
simpler tests are inadequate. Some other 
short cuts might well be effected in the 
program if it were used sufficiently to 
justify the time involved. Such improve- 
ments can be thought of as reducing the 
cost of record linkage, in which com- 
puter rentals may be a major item, and 
of increasing the ease with which sta- 
tistics can be derived from the linkage 
process. 

The use of a computer especially de- 
signed to handle alphabetic information 
would further reduce the time required 
for the linkages by virtue of this special 
design alone, and there are larger com- 
puters in which the basic logical steps 
are more rapid by an order of magni- 
tude. Thus, the present rate of some- 
thing like one linkage every 6 seconds 
might be increased perhaps 20- or 30- 
fold—that is, to 200 or 300 linkages per 
minute, with existing equipment. 

It is difficult to guess to what extent 
these speeds will be exceeded in the next 
10 years or so. However, circuits have 
been described in the literature in which 
the basic logical steps take much less 
time than those in any equipment at 
present on the market (//). Research 
with the more novel kinds of electrical 
switching devices, some of which are 
not only fast but extremely compact, 
may extend the present limit by at least 
another order of magnitude (/2). 

Well before such equipment becomes 
available, however, it should be possible 
to develop the data-processing methods 
by which record linkages are achieved 
to the point at which the extraction of 
a wide variety of family and follow-up 
statistics becomes practicable from any 
records which are in an accessible form. 


1. 


vid 


e 3 


© 


10. 


References and Notes 


H. L. Dunn, Am. J. Public Health 36 (Dec. 
1946); J. T. Marshall, Population Studies 1, 
204 (1947). 


. H. L. Dunn and M. Gilbert, Public Health 


Repts. (U.S.) 71, 1002 (1956); H. B. New- 
combe, in Effect of Radiation on Human 
Heredity (World Health Organization, Ge- 
neva, 1957); . A. P. James, S. J. Ax- 
ford, ‘Family Linkage of Vital and Health 
Records,” Atomic Energy Can. Rept. No. 470 
(Chalk River, 1957); H. B. Newcombe, S. J. 
Axford, A. P. James, “‘A Plan for the Study of 
Fertility of Relatives of Children Suffering 
from Hereditary and Other Defects,” Atomic 
Energy Can. Rept. No. 551 (Chalk River, 
1957); H. B. Newcombe, A. P. James, S. J. 
Axford, ‘“‘Genetic hazards and vital statis- 
itcs,” Proc. Intern. Congr. Genet. 10th Congr., 
Montreal (1958), vol. 2, p. 205. 





. S. C. Reed and J. D. Palm, Science 113, 294 


(1951); S. C. Reed, E. W. Reed, J. D. Palm, 
Eugenics Quart. 1, 44 (1954); T. E. Reed, 
Japan. J. Human Genet. 2, suppl., 48 (1957); 
and E. L. Kelly, Ann. Human Genet. 
i part 2, 165 (1958); A. B. Hill, R. Doll, 

M. Galloway, J. P. W. Hughes, Brit. J. 
pisses. & Social Med. 12, 1 (1958). 
Report of the United Nations Scientific Com- 
mittee on the Effects of Atomic Radiation, 
Suppl. No. 17 (A/3838) (United Nations, 
New York, 1958). 





. H. B. Newcombe, Science 126, 549 (1957). 
. We are indebted to John H. Doughty for 


his encouragement and constructive criticism 
in the course of this work, to Robert J. Mont- 
gomery for making available facilities for the 
preparation of the marriage file, and to George 
Selby for his help in this initial operation. We 
would also like to thank Elizabeth Kinsey for 
collaborating in the preparation of the record 
files and in the analysis of the results, and 
Arden Okasaki for her work in programming 
the computer. Permission to use the vital rec- 
ords in this study was obtained through the 
Dominion Bureau of Statistics, from _ the 
Health Branch, Department of Health and 
Welfare, Province of British Columbia. The 
permission was conditional upon strict observ- 
ance of the oath of secrecy respecting the 
nonstatistical information contained in_ the 
records, 

S. Shapiro and J. Schachter, 
688 (1952). 

The rules of Soundex coding are as fol- 
lows. (i) The first letter of a surname is un- 
coded and serves as the prefix letter. (ii) W 
and H are ignored completely. (iii) A, E, |, 
O, U, and Y are not coded but serve as sep- 
arators (see v below). (iv) Other letters are 
coded as follows, until three digits have been 
used up (the remaining letters are ignored): 
B, F, P, V, coded 1; D, T, coded 3; L, coded 
4; M, N, coded ig hy .% 6; all other con- 
sonants (C, G, K, Q, S, X, Z), coded 2. 
(v) Exceptions = letters which follow letters 
having the same code, or prefix letters which 
would, if coded, have the same code. These 
are ignored in all cases unless a separator 
(see iii above) precedes them. 


Estadistica 10, 


. Since ages were available on only about half 


of the marriage cards, the average losses from 
this cause were 0.12 percent of all linkages, 
and the average spurious linkages were 0.7 
percent. When these are added to the losses 
resulting from the Soundex discrepancies, as 
shown in Table 1, the total loss is 1.72 percent. 
It is known that approximately 19 per cent of 
the surnames in the marriage file begin with 
A, B, or C, as determined from studies of 
the frequencies of brides’ Soundex codes. 
Thus, of the 114,471 marriage records and 
34,138 birth records, approximately 21,750 
and 6500 records, respectively, were used in 
the initial linkage study. In all, 6375 compati- 
sons (3484 with positive binit values and 2891 
with negative) between birth records and mat- 
riage records having identical pairs of Soundex 
codes were made by the computer. Of these, 
418 (20 positive and 398 negative) related to 
illegitimate births, 2549 (1285 positive and 1264 
negative) related to legitimate births and to 
1946-50 marriages, and 3408 (2179 positive and 
1229 negative as determined by means of 
ages) related to legitimate births and to 
1951-55 marriages. Since age records were 
available in the case of the 1951-55 marriages, 
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this latter group of 3408 comparisons was 
used for a detailed study of the reliability of 
the machine linkage process. (Revised tables 
of binit values were also derived from these 
comparisons.) Two of the 3408 comparison 
cards were removed because in each case one 
of the ages was missing. Of the remaining 
3406 cards, 2174 represented genuine linkage 
(2173 positive cards plus one negative card) 
and 1232 represented accidental Soundex agree- 


ments (4 positive plus 1228 negative cards), 
as judged by comparisons of the full Christian 
names in all cases where the binit values fell 
within the range from minus 10 to plus 10. 
It will be noted that of the 6500 births of 
1955 which were studied, 3484 (54 percent) 
were from marriages contracted in British 
Columbia during the 10-year period 1946-55. 
For a description of the manner in which 
visual record linkages (as distinct from com- 


Genetics and the Hierarchy 


of Biological Sciences 


Genetics is binding biology at all levels, from 
macromolecule to species, into a unified discipline. 


“History shows that throughout the 
centuries . . . natural history constitutes 
the perennial rootstock or stolon of bio- 
logic science and that it retains this 
character because it satisfies some of 
our most fundamental and vital interests 
in organisms as living individuals more 
or less like ourselves. From time to time 
the stolon has produced special disci- 
plines which have grown into great, 
flourishing complexes. More re- 
cently another dear little bud, genetics, 
has come off, so promising, so self-con- 
scious, but alas, so constricted at the 
base.” 

This quotation from William Morton 
Wheeler (J) expresses a common view- 
point of non-geneticists of Wheeler’s 
time. There were even geneticists who 
saw little future in genetics, not because 
its field seemed trivial, but rather be- 
cause they were so dazzled by the 
achievements of the first two decades of 
the century that they felt that there was 
little left for them to do. I recall a talk 
I had about that time with a prominent 
geneticist who had decided to go into a 
different field. “Genetics,” he told me, 
“is a cow that has been milked.” 

There are two polar interests in bi- 
ology. One is the fascination with the 
diversity of life which Dr. Wheeler so 
notably exemplified. I can testify to the 
enthusiasm which he could arouse by 
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his lectures and the exhilaration which 
one felt during field trips conducted by 
him. At the other pole is the fascination 
with the interconnectedness of things. 
My thesis is that genetics has become 
the stolon, in a different sense from 
Wheeler’s, which is most effectively 
binding the whole field of biology into 
a unified discipline that may yet rival 
the physical sciences. 


Classification of the Biological Sciences 


There are many ways in which one 
may classify the biological sciences. I 
will not pause on classification by util- 
ity—medicine and public health, the ag- 
ricultural sciences, forestry, etc.—though 
genetics has much to contribute to these. 
Nor will I pause on classification by 
kind of organism—mammalogy, orni- 
thology, and so on down. Genetics cuts 
across them all. Branches of science also 
tend to grow out of techniques. Genetics 
centers in the techniques of breeding 
organisms. Breeding has turned out to 
be a remarkably penetrating technique, 
and one capable of joining forces with 
other techniques of the most diverse 
sorts in fruitful ways. For our purpose, 
however, the most instructive classifica- 
tion is by principles (2). 

Biology deals with a hierarchy of en- 


puter linkages) were used to assess the losses 
due to spelling discrepancies, see footnote to 
Table 1. 

11. R. M. Walker, D. E. Rosenheim, P. A. Lewis, 
A. G. Anderson, IBM J. Research and De- 
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12. R. F. Rutz, ibid, 1, 212 (1957); D. A. Buck, 
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(1956); J. W. Crowe, IBM J. Research and 
Develop. 1, 295 (1957). 


tities. The primary subdivision of biol- 
ogy is perhaps best made according to 
level in this hierarchy. Biology began 
with individuals, Wheeler’s natural his- 
tory. It worked down through organs 
and tissues, categories that cut across 
each other, to the cell, as the almost 
universal unit of structure and function, 
and one that behaves in significant ways 
as an autonomous organism on its own 
account. For many years, biologists 
thought of the cell as the ultimate unit 
of life, composed of ordinary non-living 
molecules but organized in a way that 
conveys the properties of life. The ge- 
neticist has added a new level, the gene, 
an entity present in large numbers in 
the cell, controlling the specific proper- 
ties of the cell but itself autonomous 
with respect to its specificity. 

Moving in the other direction from 
the individual, towards larger units, we 
may proceed through local interbreed- 
ing populations (demes) to the species, 
an entity that persists with certain prop- 
erties in spite of frequent complete re- 
placement of all of its constituents. The 
integrating principle of the species is bi- 
parental reproduction. Cutting across 
this, somewhat as organs cut across tis- 
sues, are ecologic systems which main- 
tain more or less constant patterns by 
means of self-regulatory interactions 
among the local representatives of many 
species. Finally, we have the entire fauna 
and flora of the world as a single, inter- 
connected, more or less persistent sys- 
tem, a vast symplasm, to use Wheeler’s 
word. 

At all levels there are problems: (i) 
of describing the persistent entities and 
(ii) of accounting for their persistence; 
(iii) of describing and (iv) accounting 





The author is a member of the faculty of the 
University of Wisconsin, Madison, in the de- 
partment of genetics. This article is his presiden- 
tial address before the 10th International Congress 
of Genetics, on 20 August 1958, in Montreal, Can- 
ada. It is reprinted from Volume I of the Pro- 
ceedings of the X International Congress of 
Genetics by permission of the General Organizing 
Committee of the Congress. All rights reserved. 
Volumes I (Lectures, Minutes, and Reports) and 
II (Abstracts) of these Proceedings are published 
by the University of Toronto Press and may be 
obtained, with the Programme, directly from them. 


959 








for the orderly second-order changes by 
which biologic entities characteristically 
develop; and finally (v) of describing 
and interpreting the processes by which 
the entities at the lower levels multiply 
(Table 1). 


Genetics at the Level of the Individual 


Genetics began at the level of the 
individual with curiosity about the simi- 
larities and differences among individu- 
als related by descent. Rapid exploration 
in many species of animals and plants, 
once the key was given, led to the gen- 
eralization that the rules of inheritance 
are everywhere much the same. Ge- 
netics, thereafter, settled down largely 
to the intensive study of a few espe- 
cially favorable higher organisms: for 
example, Drosophila, the silkworm, the 
mouse, and the domestic fowl among 
animals; the garden and sweet pea, 
maize, antirrhinum, cotton, and tobacco 
among plants. 

In the last few years, however, our 
concepts have been greatly enriched by 
a tremendous development of the ge- 
netics of microorganisms, some of which 
could not even be crossed until recently: 
Paramecium, Neurospora, Aspergillus, 
yeast, various bacteria and their phages, 
and others. 

I believe that the list of organisms 
that can contribute significantly is not 
yet exhausted. Many of those that have 
been studied less extensively have con- 
tributed interesting but often overlooked 
phenomena, not encountered in the 
major objects of study. I am thinking 
of such things as the very odd genetics 
found by Metz in Sciara (3). There is 
still a tremendous field of comparative 
genetics that will reward pioneers. 


Genetics and Cytology 


Mendel’s laws of heredity and a 
knowledge of the behavior of the chro- 
mosomes in mitosis and meiosis first en- 
tered the same minds very shortly after 
1900. The firm establishment of the 
chromosome theory of heredity was the 
great achievement of the next two dec- 
ades. Cytology became the first major 
branch of biology with which genetics 
became welded, to form the field of 
cytogenetics. 

In the middle period of our history 
since 1900, the discovery of modes of 
inducing gene and chromosome muta- 
tions, and the demonstration of one-to- 
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one relations between details of the 
linkage maps and those of the salivary 
chromosomes of Drosophila melanogas- 
ter, were among the outstanding events 
at this cytogenetic level. 

Recently, the electron microscope has 
provided means for carrying the analysis 
of chromosomes much farther. The 
threadlike leptotene chromosomes as 
seen with the highest-powered light mi- 
croscope, readily suggested the notion of 
single giant molecules. The tropical 
jungle of twisting lianas which the elec- 
tron microscopists present as the real 
appearance of these same objects re- 
minds us that the chromosome is sepa- 
rated from even macromolecules by 
several orders of magnitude (4, 5). The 
Watson-Crick molecule of DNA is some 
20 A in diameter. The numerous chromo- 
some fibrils, revealed in electronmicro- 
graphs, seem to be some ten times this 
in diameter, and the finest threads dis- 
tinguishable under the light microscope 
are some ten times again as thick. The 
relation between a DNA molecule and 
a leptotene chromosor 2 is thus some- 
what like that between a wire 1 mm 
thick and a cable some 10 cm thick. 

There are obviously still plenty of 
problems in cytogenetics. With the new 
techniques, including radioactive mark- 
ers (6, 7), as well as the electron micro- 
scope, there are exciting prospects. 


The Gene: Earlier Ideas 


We come now to the level in the 
biological hierarchy that is the distinc- 
tive contribution of genetics, the gene. 
It was easy enough when I first used 
this two-dimensional classification of the 
biological sciences some forty years ago 
to subdivide the bottom row, the theory 
of the gene, into formal categories, simi- 
lar to those at the higher levels, but 
these had little substance, and it was 
hard to imagine that they ever would 
have much. The recent period of our 
history has, however, been characterized 
especially by giving substance to just 
these aspects of genetics. On the other 
hand, the disconcerting question wheth- 
er there is any such thing as a gene has 
been raised by Goldschmidt (8), a very 
great geneticist, whose provocative points 
of view we are going to miss badly. I 
wish to devote most of my time to ques- 
tions at this basic level. 

For his dominant and recessive units 
Mendel used the word Merkmal, which 
Bateson translated into English as “char- 
acter.” The term unit character seemed 





to imply a return to the discredited 
preformation theory of heredity and 
doubtless contributed to the suspicion 
of genetics felt by other biologists. It 
was, however, rapidly established that 
the heredity of characters tended to split 
up into many independently segregating 
pairs. It came to be recognized that unit 
factor was a better term than unit char- 
acter, and, a little later, Johannsen’s 
term gene was welcomed as a distinctive 
one for the basic unit of heredity. 

There has remained some ambiguity 
in the frequent use of this term for both 
the common substrate of - alternative 
units and a particular one of these. | 
will use the later term, Jocus, for the 
substrate and restrict gene to a particu- 
lar representative of a locus, considered 
by itself. 

The fact that analysis seemed to in- 
dicate the existence of dominant and 
recessive pairs led to the presence and 
absence hypothesis of Bateson and Pun- 
nett. As early as 1904, however, Cuénot 
(9), on analyzing the heredity of coat 
color of the mouse, had clearly demon- 
strated a set of multiple alternatives, as 
well as several independent pairs, and 
it came to be recognized by 1915 that 
multiple sets were not uncommon. 

It was natural at first to extend the 
presence and absence theory to multiple 
alleles by postulating differences in 
quantity of the gene. It was soon real- 
ized, however, that qualitative differ- 
ences in the gene and its primary prod- 
uct, conjectured to be an enzyme, might 
register physiologically as mere quan- 
titative variations of characters. Then it 
turned out that pleiotropic effects of 
multiple alleles did not always fall in 
the same order. I strained myself con- 
siderably at about this time (/0) try- 
ing to account for lack of parallelism 
in the effects of four (later five) alleles 
at the albino locus of the guinea pig on 
various colors of coat and eye, on the 
basis of differences in thresholds and 
competition or its absence. In the end 
(11) it could only be concluded that 
the five alleles determined five qualita- 
tively different tyrosinases, even though 
different thresholds and competition ef- 
fects were certainly present. 

The patterns of differential effect with- 
in multiple sets of alleles have indeed 
turned out to be extraordinarily diverse, 
even though one can usually trace a 
thread of physiological similarity of 
some sort. We find complementary (/2) 
as well as noncomplementary recessive 
alleles of wild type, differences in local- 
ization of patterns (13, 14), differences 
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in order of effect on different charac- 
ters that lead in extreme cases to alleles 
that seem to have no more in common 
in their differences from type than ran- 
dom nonalleles (such as some of the 
alleles at the dumpy and spineless loci 
of Drosophila melanogaster (15). There 
are series in which many antigenic prop- 
erties occur in all possible relations 
among the alleles (16): incompatibility, 
positive or negative correlation, and 
asymmetrical dependence, as well as ap- 
parent independence. Finally we have 
such curious manifestations of qualita- 
tive diversity as the self-incompatibility 
series of many plants (1/7) and Whit- 
ing’s (78) nine sex-determining alleles 
of Habrobracon (any heterozygote: 
female; any homozygote or hemizygote: 
male). 

It should be noted, in view of the 
current confusion in the use of the term 
allelic, that I am using it to describe a 
genetic relation, not a physiologic one, 
in conformity with Bateson’s (19) defi- 
nition of allelomorphic (of which allelic 
is a contraction), “alternative to each 
other in the constitution of the gametes.” 
I am using allele as a representative of 
a locus, considered in relation to anoth- 
er, irrespective of physiological relations. 

Conceptions of the locus as a physical 
entity were, of course, guided by cyto- 
logic observations. The early demonstra- 
tion of the persistence of individualized 
chromomeres and their pairing in syn- 
apsis (20), Belling’s demonstration 
(21) of as many as two thousand such 
particles in favorable materials, culmi- 
nating in the demonstration of some five 
thousand identifiable bands in the sali- 
vary chromosomes of Drosophila and 
the location of particular loci in or near 
such bands by Painter (22) and Bridges 
(23), led to general acceptance of the 
particulate nature of loci. Estimates of 
average size of loci in the millions in 
terms of molecular weight, by Morgan 
(24) and Muller (25), seemed to give 
adequate scope for patterns capable of 
mutating at hundreds of different sites 
within a single locus and thus an ade- 
quate basis for the complexity of the 
observed allelic series. 


Chemical Basis of Heredity 


Perhaps the most _ revolutionary 
achievement of the recent period of our 
history has involved the chemical basis 
of heredity. It had been known since 
Miescher’s work in the 1870’s that chro- 
mosomes (of fish sperm) are largely 
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composed of protein and nucleic acid. 
Until rather recently, nucleic acid 
seemed ruled out as the site of specificity 
by its supposedly monotonous tetranu- 
cleotide structure. Most geneticists up 
to the middle 1940’s assumed that there 
was little choice but to suppose that 
specificity resided in a pattern of suc- 
cessive amino acids. Then came the dis- 
covery that the pneumococcus trans- 
forming principle, acting like a free 
gene, was probably pure DNA (26), 
and the recognition by biochemists that 
there was after all an adequate basis for 
specificity in the sequence of nucleo- 
tides in chains of indefinitely great 
length. The demonstration of constancy 
of DNA per chromosome set (27) added 
to the confidence in its genetic signifi- 
cance. 

There was a transition period when 
the conjecture of a reciprocal relation 
between protein and DNA, each impos- 
ing specificity in synthesis of the other 
(28), seemed most attractive, but soon 
Watson and Crick (29) gave us a model 
of DNA which indicated a reciprocal 
relation between two intertwined com- 
plementary but oppositely directed 
strands of this material itself. As this 
model was based on precise analysis of 
the x-ray diffraction pattern, it marks a 
tremendous step beyond mere conjec- 
ture toward understanding the actual 
chemistry of heredity. 

This, of course, is only a beginning. 
The problem of the untwisting of the 
complementary strands is one that is 
difficult to contemplate without vertigo, 
at least if it must proceed through the 
whole length of the chromonema, with 
its hundreds of thousands of gyres (30). 
The difficulty would, of course, be miti- 
gated if the DNA were broken up with- 
out disruption of order into units with 
molecular weights of perhaps 10° (some 
150 gyres) all capable of untwisting 
simultaneously. 

The problem of how DNA imposes 
patterns on other macromolecules 
(RNA, proteins, polysaccharides) has 
not yet advanced beyond the stage of 
conjecture. Especially disconcerting is 
the fact that some viruses have only 
RNA and protein and no DNA at all. 

The problems of the chemical basis 
of heredity are thus far from solved. An 
important step has, however, been taken, 
and the nucleic acids, their processes of 
specific synthesis and of imposition of 
specific patterns on other macromole- 
cules, have now become the focus of 
intense effort by biochemists. Genetics 
and biochemistry have made a contact 


here that promises to be as fruitful as 
that of genetics and cytology a genera- 
tion earlier. 


Fine Structure of the Gene 


The field that has been investigated 
most intensively in recent years by dis- 
tinctively genetic techniques is that of 
the fine structure of the gene. Present 
concepts were foreshadowed by the 
theory of step allelomorphism of Dubin- 
in (/4) and Serebrovsky (3/1). Oliver’s 
demonstration (32) of crossing-over be- 
tween supposed lozenge alleles in Dro- 
sophila melanogaster, with reconstitution 
of wild type, and that by Lewis (33) of 
position effects associated with crossing- 
over between star and asteroid, prob- 
ably located in the components of a 
double salivary band, initiated a period 
of successful splitting of many sup- 
posedly single loci in this organism. 
Similar results have been obtained in 
several other organisms, notably maize 
(34, 35), Neurospora (36), Aspergillus 
(37), yeast (38), Salmonella (39), and 
phages (40). 

Interpretation has taken two direc- 
tions. In some cases, subdivision of a 
system of supposed alleles with multi- 
dimensional variability has seemed to 
yield components with single types of 
effect, and thus has led to the hypothesis 
that heredity is made up, after all, of 
ultimate particles that behave as units 
both structurally and physiologically. 
Some proponents of this view have in- 
deed not hesitated to divide seemingly 
complex loci into simple components 
on the basis of physiological effect alone. 
Unfortunately, thorough analysis of the 
effects in cases in which complex loci 
have actually been divided by crossing- 
over has often not indicated any clear- 
cut separation into physiologically 
simple loci (41). It is probable enough 
that there are unitary patterns in the 
genic material, whether divisible by 
crossing-over or not, that determine pat- 
terns in a single macromolecular prod- 
uct, but also that there are a vast num- 
ber of different sites for mutation and 
possibilities for multidimensional vari- 
ability in the activity of this product. 

The other interpretation favors com- 
plete abolition of the classical structural 
gene, that is, the view that disruption by 
crossing-over or by other means, may 
occur between any two nucleotide pairs 
of the Watson-Crick molecule. Ponte- 
corvo and Roper (42), for example, 
have pointed out that the ratio of amount 
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of recombination (5, X 10-*) between 
the outer two of three demonstrated 
components of the white superlocus of 
Drosophila and the smallest amount be- 
tween two (8 X 10-°) is 62, and that a 
similar calculation from four separable 
mutations in a superlocus of Aspergillus 
gives 150, suggesting the possibility of 
almost unlimited subdivision. On the 
other hand, such facts by no means pre- 
clude the possibility that there may be 
particulate loci varying greatly in length 
and that the intervals between them may 
vary greatly in ease of breakage, as is 
indeed suggested by the very heteroge- 
neous appearance of the salivary chromo- 
somes of the Diptera. 

The process of actual subdivision of 
blocks concerned with single physio- 
logical processes has gone farthest in 
studies of phage (40) and bacteria (39). 
From estimates of the total number of 
nucleotide pairs in the phage, it appears 
likely that there is no limit to divisibil- 
ity, short of the nucleotide pair. 

Interpretation of these cases and of 
some cases of apparent rare crossing 
over in higher forms has unfortunately 
been made somewhat doubtful by the 
recognition (43) of a class of mutations, 


“conversions,” that occur only in hetero- 
zygotes, not by crossing-over, although 
they are likely to occur in the neighbor- 
hood of a crossover. This phenomenon, 
foreshadowed by a study of a mutable 
locus of Drosophila virilis by Demerec 
in 1928 (44), and by Winkler’s (45) 
conversion theory of abnormal tetrad 
ratios in fungi and mosses, is of great 
interest in itself as a further inroad on 
the wastebasket category “mutation.” Its 
occurrence also raises the question 
whether it is pedantic to use even firmly 
demonstrated crossing-over at rates 
characteristic of mutation in defining 
the boundaries of the basic genetic unit. 
At rates of 10-° or less per generation 
between similar mutations, crossing-over 
itself becomes essentially merely anoth- 
er kind of mutation. 

Again it is not clear that recombina- 
tion in the process of synthesis of naked 
DNA of phage can be considered as 
the same phenomenon as crossing-over 
between homologous chromatids of 
higher organisms, some two orders of 
magnitude greater in diameter. Thus, 
even if phage and bacteria are shown 
to contain no structural genes, it is quite 
possible that there has been an evolu- 


Table 1. Classification of the biological sciences. The locations of branches of 





tionary development of such structures 
with the several-hundredfold increase 
in the amount of genetic material in 
higher organisms. 

There are some general reasons for 
suspecting the existence of preferential 
breakage points in Drosophila. Let us 
-assume that the chromonema consists 
of a succession of physiological units, 
each involving some thousand nucleo- 
tide pairs. If the breakage points of 
chromosome rearrangements occur at 
random between nucleotide pairs, there 
would be only one chance in a thousand 
that a break would not disrupt a physio- 
logical gene and only one in a million 
that there would be no disruption at 
either end. Yet 40 percent of 332 ran- 
dom translocations observed by Patter- 
son and his associates (46) in Drosoph- 
ila melanogaster were viable as homo- 
zygotes, and over 90 percent of these 
were fertile. Moreover, some or all of 
the damage may well have been due to 
disruption of interactions between adja- 
cent genes. 

Similarly, crossing-over would usually 
cause at least isoallelic mutation if one 
supposes that the population carries 
many isoalleles at high frequencies in 
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Climax phase History 
Biological level Description Dynamics Description Dynamics Multiplication 
World Bio- Biotic Biotic 
biota geography stability Paleontology evolutiqn 
Ecologic 
system Local Ecology Ecologic 
biota (community) succession 
Species Macro- 
Species Taxonomy stability evolution Species 
Phylogeny Trans- cleavage 
Interbreeding formation 
population 
Micro- 
Deme Demography evolution 
(7) Population (7) Population 
genetics genetics 
Individual External Behavior Life history Physiology of 
Multicellular characters (6) Genetics of reproduction 
organism behavior (1) Formal 
genetics 
Organ Anatomy Gross Descriptive Morphogenesis 
physiology embryology (5) Developmental 
Tissue Histology genetics 
Histogenesis 
Cytoplasm General 
and physiology 
Cell nucleus Cytology (4) Physiological (2) Cytogenetics Mitosis 
genetics 
Autonomous Gene (3) Theory of the gene 
macro- Gene Gene Gene mutation Gene 
molecule DNA chemistry physiology Description Process duplication 
Nonautonomous Biochemistry 
molecule 
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each physiological unit. Such mutations 
may well occur, but an evolution to- 
ward greater stability of successful pat- 
terns would seem likely, if possible. 

In addition to such general argu- 
ments, we have the intensive study of 
Muller (47) on rearrangements involv- 
ing a restricted region of the X-chro- 
mosome of Drosophila melanogaster, 
which indicated a very limited number 
of breakage points. The study of the 
Greens (48) of 18 lozenge mutations 
indicated, in very extensive tests, that 
these fell into just three groups such 
that crossing-over occurred between but 
not within them. The studies of David 
Bonner (49) and his associates in Neu- 
rospora may also be referred to here. 

We must, however, note the possi- 
bility that physiologically significant pat- 
terns in the DNA are separated by large 
inert stretches. The results of Patterson 
and his associates could be accounted 
for if there is twice as much inert as 
active material, even if breakage occurs 
at random. 

Mazia (50) has found indications that 
DNA polymers, 4000 A long, are bound 
together longitudinally by Ca or other 
divalent ions, which present points of 
relatively easy separation under certain 
conditions. Kaufmann and MacDonald 
(4) have, however, questioned this in- 
terpretation of the experimental evi- 
dence. 

Still another possibility, not necessar- 
ily exclusive of either of the preceding, 
is that there is an evolutionary mecha- 
nism for protecting useful sequences of 
nucleotides from disruption. The identi- 
fication of Belling’s ultimate chromo- 
meres with genes has been questioned 
on the ground that these are observed 
to be merely sites of incipient coiling in 
leptotene (5), but if, as is generally 
agreed, they occur always at certain 
definite ’sites, they must be indicators of 
real entities. Precocious coiling of defi- 
nite regions suggests intrachromatid syn- 
apsis of tandem duplications of about 
the period of normal coiling. Perhaps 
very short tandem duplications have 
been very much more common in the 
course of evolution than even Bridges 
(23) or Metz (5/7) supposed and ac- 
tually constitute the structural genes by 
largely restricting breakage to undupli- 
cated intervening regions. 

The difficulty may be raised that such 
duplication would usually interfere with 
the expression of inactivating mutations. 
One would, however, expect such dupli- 
cants to differentiate, each tending to 
become inactivated in respects in which 
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the other has retained activity. More- 
over, only about 10 percent of the loci 
of Drosophila melanogaster (if identi- 
fied with salivary bands) seem capable 
of conspicuous viable mutation, sug- 
gesting that most loci actually are pro- 
tected from this sort of mutation. 

It has long been evident that inver- 
sions are also very common in the 
course of evolution. The result of tend- 
encies toward repeated duplication by 
unequal crossing-over, toward differen- 
tiation of the duplicants, and toward 
the occurrence of inversions of various 
lengths would be subdivision of the 
chromonema into regions of more or 
less similar material, bounded by un- 
conformities. One might consider such 
regions as supergenes or gene clusters, 
consisting of several or many highly 
stable genes (that is, single duplications) 
separable with varying degrees of dif- 
ficulty according to the amounts of in- 
tervening unduplicated material. 

While the modes of origin of physio- 
logical genes, that is, physiologically 
significant patterns of nucleotides, and 
of structural genes are independent on 
this view, one would expect natural se- 
lection to bring about a tendency toward 
coincidence and to restrict unduplicated 
material to regions of no physiological 
significance, in which disruption, not 
necessarily at exactly the same level in 
all strands, would have no physiological 
consequences. 

One of the difficulties of most hypoth- 
eses of crossing-over has been the re- 
quirement that the exchange points of 
the two chromatids correspond exactly 
in position; and this is certainly exacer- 
bated if each consists of numerous sepa- 
rate strands. Belling’s hypothesis (52) 
escaped this difficulty by postulating 
that the genes are connected by exten- 
sive nongenic material which produces 
crossovers in pachytene by shifting of 
old connections and forming of new 
ones along lines of minimum distance 
at half-twists. 

A modification of this hypothesis is 
possible with chromatids, constituted as 
suggested above, even if the DNA is 
continuous, by supposing them to be 
rather plastic where unprotected by in- 
ternal synapsis of tandem duplications. 
The duplicated, physiologically active 
regions correspond to Belling’s genes 
and the unduplicated, physiologically 
inert regions to his intergenic material. 

Under this hypothesis, corresponding 
regions of the leptotene chromosomes, 
already with double amounts of DNA 
(53) and with physiologically active re- 


gions already forming chromomeres, at- 
tract each other to give zygotene. At 
pachytene, each chromosome divides 
lengthwise by equational apportionment 
of ultimate strands into sister-chroma- 
tids. The results of Taylor, Woods, and 
Hughes (7) with radioactively marked 
chromosomes seem to require, as they 
note, that all newly synthesized strands 
be apportioned as a block. 

We assume that exchanges between 
ultimate strands are highly improbable 
if they are parallel, whether within or 
between chromatids, but that exchange 
occurs more or less frequently between 
the crossed strands of the homologous 
chromatids that are most closely pressed 
together at an overlap point, established, 
as in Belling’s hypothesis, by accidents 
of position and pairing in synapsis. We 
must suppose, moreover, that if such 
exchange begins, it continues through- 
out these two chromatids, which thus 
give rise to shortened crossover chroma- 
tids. It appears that the greater the 
length of an overlap, the greater the 
chance of exchange at the overlap points 
(54). We must also suppose that there 
is more or less twisting of sister-strands 
along each chromosome in order to ac- 
count for the randomness of the pairs 
of homologous chromatids that exchange 
in successive chiasmata, but that this 
does not bring about sister-strand 
crossing-over (55). 

The requirements for accounting for 
the phenomena of crossing-over are un- 
doubtedly somewhat severe if the chro- 
matids contain many strands. Yet it 
seems necessary to consider the possi- 
bilities in view of the situation revealed 
by the electron microscope. 

Continuing with this model, we may 
suppose that short double exchanges 
may occur under very rare conditions 
among groups of parallel strands, lead- 
ing to unstable mutations of the conver- 
sion type if they occur between strands 
of homologous chromatids of a hetero- 
zygote. Mutations might also arise oc- 
casionally from such double exchanges 
between paired strands of differentiated 
tandem duplications within a coiled 
chromomere. 


Terminology 


Within the boundaries established by 
rearrangements, we expect a hierarchy 
of structures with varying degrees of 
physiological complexity and differen- 
tiation, culminating perhaps in differ- 
ences so great that no relationship can 
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be recognized. We need a hierarchy of 
terms. Locus should I think be used for 
systems of multiple alleles, however 
complex, as long as no cleavage has ac- 
tually been observed. To divide a locus 
on the basis of physiological effects 
alone involves a dangerous begging of 
the question of structure. If, however, 
cleavage has been observed, it becomes 
a question whether one prefers to recog- 
nize a single locus with subloci sepa- 
rable at rates like those of mutation, or 
a superlocus or locus cluster with com- 
ponent loci. In the former case, we 
should recognize a qualified allelism be- 
tween separable components. One might 
use euallelic for strict allelism as far as 
known, and thus aneuallelic where there 
is very rare crossing-over within what 
seems most convenient to recognize as 
a locus, on the occasions in which it 
seems necessary to make a distinction. 
The terms identical and nonidentical 
alleles, which have been suggested (39) 
seem confusing since strict alleles need 
not be identical physiologically. The 
terms homoallelic and _heteroallelic, 
which have also been suggested (38) 
would be appropriate except that they 
seem too much like the terms homallelic 
and heterallelic, which have been used 
since 1937 (56) for important con- 
cepts in population genetics. A popula- 
tion is homallelic with respect to a locus 
if all individuals are homozygous in the 
same sense; otherwise it is heterallelic. 
An isogenic population is homallelic in 
all loci. 

It would seem well to restrict pseudo- 
allelic to description of genetic relations 
between loci of a recognized superlocus 
or locus cluster, because of its implica- 
tion of spuriousness. 


Heterochromatin 


Selection may operate to build up a 
large number of undifferentiated longi- 
tudinal replications of a physiological 
gene. The suggestion of Casperssen 
(57), developed further by Pontecorvo 
(58), that heterochromatin may consist 
of many replications of a few genes, 
the products of which are needed in 
bulk, is an attractive one. 

This could account (59) for the ir- 
regular organization; the easy disruption 
in some but not all cases (in contrast 
with the postulated stabilization by one 
tandem duplication); the tendencies to- 
ward apparent non-homologous pairing 
after rearrangement; easy transposition 
of probable heterochromatin blocks in 
maize (60); relative dispensability, in- 
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cluding that of supernumerary chromo- 
somes (6/); restriction of observed 
differential effects on characters to quan- 
titative modifying action (62); and the 
inhibition of the activity of euchromatic 
genes brought into proximity (63). 

Large masses of the same active ma- 
terial might be expected to become low 
points in concentration gradients of raw 
materials and high points in concentra- 
tion gradients of products (especially at 
low temperatures) (64). The V-type 
position effects of masses of hetero- 
chromatin on unadjusted genes (63), 
the inhibitory effect on adjacent genes 
of the transposable elements in maize 
(60), the inhibitory effect of extra Y- 
chromosomes on sensitive genes of 
Drosophila throughout the genome re- 
cently described by Cooper (65), and 
its greater inhibitory effect on other het- 
erochromatin and hence on the V-type 
position effect itself by double negative 
action (66), may be examples. So also 
depletion of raw materials may account 
for negative heteropycnosis under some 
circumstances in contrast with positive 
under more favorable circumstances, 
for slow multiplication where euchro- 
matin is multiplying rapidly (salivary 
chromosomes of Diptera), and perhaps 
for unequal effects in different cell line- 
ages (variegation). 

One might also, perhaps, expect that 
the accumulation of many tandem repli- 
cates of the same genic material would 
lead to non-equational mitosis in it and 
hence to variegation for a different rea- 
son. Also to be expected is relatively 
frequent irregularity in meiosis by un- 
equal crossing-over, especially if there 
are great differences in number of repli- 
cates in parental heterochromatic re- 
gions, and thus a sort of semi-Mendelian 
heredity of any effect. This should simu- 
late somewhat the effect of multifac- 
torial heredity and occasionally contrib- 
ute something to the mode of heredity 
of quantitative variability. 

These are conjectures. I suspect that 
experimental work of the next few 
years, perhaps work to be reported here, 
will do much to clear up the relations 
between structural and physiological 
genes and between euchromatic and 
heterochromatic ones. 


Physiological Genetics 


The idea that genes control the prop- 
erties of cells by determining the en- 
zymes that are present goes back in a 
sense to the earliest years of the cen- 
tury, and the idea that genes act by im- 





posing specific patterns in the process 
of synthesis of macromolecules, wheth- 
er in their own duplication, in the pro- 
duction of antigenic specificity, or in 
that of the enzymes, is also far from 
recent (see 67). These conjectures had, 
however, little or no real impact on gen- 
eral physiology. Until very recently, the 
textbooks in that subject rarely made 
any mention of the gene and treated the 
cell as the ultimate unit of life. 

The real breakthrough came recently 
when systematic exploration of the con- 
trol of elementary processes of the 
mould Neurospora was made by the 
combined efforts of a geneticist and a 
biochemist, Beadle and Tatum. Now we 
have a rapid expansion of biochemical 
genetics or genetic biochemistry (68). 
What had been two almost airtight com- 
partments of biology are now inextri- 
cably interwoven. 

Studies of the relations of gene and 
cytoplasm and of cytoplasmic heredity 
began early with Correns and have con- 
tinued on a relatively modest side. Never- 
theless, some of the most important 
results of the recent period have been 
obtained in this field. I regret that the 
time at my disposal forbids any discus- 
sion here. The time seems ripe for a 
major breakthrough. 


Developmental Genetics 


A step up in the biological hierarchy 
is the problem of development. There 
is not much of a non-speculative char- 
acter that can be said of histogenesis, 
which rests on the still enigmatic rela- 
tions of genes and cytoplasm to which 
we have referred. With respect to mor- 
phogenesis there is at least increasing 
contact between geneticists and embry- 
ologists. There was a period not long 
ago when experimental embryologists 
would trace the interactions of various 
factors in the development of an organ 
—pressures and tensions, inductions, 
hormones, neural stimulation, environ- 
mental conditions—and perhaps, at the 
end, list heredity as a sort of magic 
that operated through other than physio- 
logical channels. More recently, many 
trained embryologists have turned to 
genetically determined abnormalities as 
useful material, with illuminating re- 
sults. The systematic study of the im 
teraction effect of numerous loci on 
particular characters is especially prom- 
ising. 

The complete analysis of the develop- 
ment of a higher organism nevertheless 
remains one of the most intractable 
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problems of science. Perhaps it is be- 
yond human grasp. But I suspect that 
there will be great advances in under- 
standing and am sure that this can come 
about only in the conjunction of the 
two disciplines. 

Beyond morphogenesis is the genetics 
of behavior on which a beginning has 
been made. 


Population Genetics 


Finally, we pass to the level of the 
genetics of populations. To a consider- 
able extent this can bypass the levels 
of developmental and cellular biology 
and treat populations merely as systems 
of gene or aberrational frequencies, sub- 
ject to various abstract pressures. There 
has been a considerable mathematical 
development of theory along this line 
from fairly early in our history. Some- 
what divergent conceptions have been 
reached, which I have discussed else- 
where (for example, in 69) and do not 
propose to go into here. I may say, how- 
ever, that it is apparent that we need a 
more adequate theory of quantitative 
variability, based on generalizations at 
the levels of physiological and develop- 
mental genetics, and also more under- 
standing of the implications of popula- 
tion structures and ecologic relations. 

It is hopeful that the recent period 
has been characterized by rapidly in- 
creasing interest in the genetics of 
human populations, in the study of lab- 
oratory population of various organisms, 
and in studies on a large scale of the 
genetic properties of populations in na- 
ture, such as those under the leadership 
of Dobzhansky and of Clausen. 

In this last we come full circle. The 
geneticists, systematists, field naturalists, 
and even the paleontologists find that 
they have problems that can only be 
solved by joining forces (69). 


Conclusion 


A subject which at its origin seemed 
to many to be destined merely to grind 
out endless 3:1 ratios has penetrated 
through the biologic sciences from the 
level of the individual down to a new 
biological entity at the level of the mac- 
tomolecule and back through various 
disciplines to the level of the popula- 
tion. It has become inextricably linked 
with cytology, biochemistry, general 
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physiology, experimental embryology, 
the behavioral sciences, ecology, sys- 
tematics, and even paleontology. If it 
should ever disappear as a separate dis- 
cipline, it will only be because all the- 
oretical biology has been bound together 
into a single field, to a large extent 
through its efforts. In relating the for- 
merly mysterious, almost magic, sub- 
ject of heredity to the chemistry of a 
particular class of molecules, it has also 
played a major role in binding all 
science into one coherent whole. 

If this unified science indicates from 
one point of view that all that pertains 
to the most complex organisms, includ- 
ing man and his behavior, is merely the 
resultant of laws of nature governing 
molecules, atoms, and ultimately elemen- 
tary physical particles and their fields, 
it indicates from the opposite point of 
view (2) that these same molecules, 
atoms, and particles are little creatures 
whose mainsprings of action must be 
essentially similar in kind to those of 
their derivatives, the complex creatures 
in which Dr. Wheeler took such de- 
light (70). 
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Science Enters the Political Arena 


Recently there has been widely pub- 
licized evidence that science has at last 
come into its own in the political arena. 
Abroad, British Prime Minister Harold 
Macmillan promised in his election 
campaign that if he won he would ap- 
point a Minister of Science. In this 
country, a special task force of the 
Republican Party’s Committee on Pro- 
gram and Progress released a report on 
“The Impact of Science and Technol- 
ogy,” and the Democratic Party’s new 
Advisory Committee on Science and 
Technology held a press conference at 
which it urged the establishment of a 
federal scientific laboratory to “wage 
peace.” 


Britain’s Science Minister 


Now that Macmillan has been re- 
elected, it is reasonably certain that 
Britain will have a Minister of Science. 
The Prime Minister described the post 
in the Conservative Party’s election 
manifesto, “The Next Five Years,” a 
document that is comparable to the 
platforms presented by the Democratic 
and Republican parties before a presi- 
dential election. The manifesto indi- 
cates general lines of policy and makes 
a few specific commitments. One of 
these was the appointment of a Min- 
ister of Science who would be given 
the task of promoting scientific and 
technological development. 

After pointing out that it would be 
wrong to concentrate all government 
scientific work in a single ministry, the 
manifesto said that the new minister 
would have responsibility for the De- 
partment of Scientific and Industrial 
Research, the Medical and Agricultural 
Research councils and the Nature Con- 
servancy, the atomic-energy program, 
and the United Kingdom contribution 
to space research. At a pre-election 
press conference, Macmillan is re- 
ported to have commented that he en- 
visaged giving the science post to one 


966 


in the News 


of the Cabinet ministers who had no 
departmental responsibility, such as the 
Paymaster General. 


The Republicans Study Science 


The Republican report on science, 
which was released on 4 October, was 
prepared by the Task Force on the 
Impact of Science and Technology of 
the Republican Committee on Program 
and Progress. The task force was head- 
ed by Charles E. Ducommun of Cali- 
fornia, president of the Ducommun 
Metals and Supply Company. The re- 
port, a 15-page pamphlet, strongly 
endorses President Eisenhower’s pres- 
ent administration of science and at- 
tempts to establish guidelines and goals 
for the future. 

In general, the pamphlet recom- 
mends greater government support of 
science, especially of basic research, 
but warns against government control, 
saying that scientific effort should be 
widely decentralized and competitive. 
Coordination should be through dis- 
cussion and the interchange of papers, 
not “through administrative fiat.” 

The report suggests that by 1976 
the country should be spending about 
$36 billion a year “consciously and pur- 
posely to expand the scientific revolu- 
tion.” (At present the budget is approxi- 
mately $10 billion for research and de- 
velopment.) To encourage industrial 
research, the task force urges tax benefits 
for private enterprise and patent protec- 
tion for commercial applications of in- 
ventions resulting from work conducted 
with government funds. 

The following three conditions essen- 
tial to the creation of a strong science 
and technology are presented and then 
discussed. 

“The maintenance of an environment 
of freedom and public understanding 
in which creativity can flourish. 

“The maintenance of a_ superior 
educational system which stresses the 
value of excellence for its own sake 
and which makes a special effort to 





search out the most gifted minds, 
wherever found, and to make available 
to them the most advanced training 
which they are capable of absorbing. 

“The provision of scientists and 
engineers with the economic resources 
with which to pursue their search 
with the utmost aggressiveness.” 

The release of the Republican 
pamphlet has special significance, for 
it marks the first time that any political 
party has formally conducted a study 
and issued a report on the impact of 
science and technology. 

In addition to Ducommun, members 
of the task force are Paul D. Bagwell, 
Michigan State University; Elmer Hess, 
former president, American Medical 
Association; Sigurd S. Larmon, presi- 
dent, Young and Rubicam, Inc., New 
York; Robert E. Rathburn, professor 
of architectural engineering, University 
of Colorado; Claude Robinson, chair- 
man, Opinion Research Corporation; 
Stephen C. Shadegg, president, S-K 
Research Laboratories; Paul R. Wil- 
liams, fellow, American Institute of 
Architects; and Mildred Younger, lec- 
turer and broadcaster. 


Democratic Science Group Speaks 


On 11 October, just 1 week after the 
Republican report was released, the 
Advisory Committee on Science and 
Technology of the Democratic Advisory 
Council, which was formed last spring, 
held an all-day meeting at Democratic 
headquarters in Washington to discuss 
the problems of science and technology 
in relation to United States foreign and 
military policy, the U.S. space program, 
proposals on science and technology 
for the 1960 Democratic campaign 
platform, and problems of civilian de- 
fense. 

However, the chief topic at a mid- 
day news conference was the proposal 
to establish a government laboratory for 
active study in a scientific manner of 
methods for maintaining peace. Com- 
mittee chairman Ernest C. Pollard, head 
of the department of biophysics at Yale 
University, conducted the press con- 
ference with the assistance of two No- 
bel-prize-winning committee members, 
Polykarp Kusch of Columbia Univer- 
sity, and Harold C. Urey of the Univer- 
sity of California’s Institute of Tech- 
nology and Engineering at La Jolla. 

Pollard explained that the proposed 
laboratory should be an independent 
agency of the federal government, but 
that eventually it might become an in- 
ternational body. It would be staffed by 
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top-level scientists whose first work 
would be to make “realistic suggestions 
for meeting the technical problems of 
disarmament, and meeting them in a 
professional way on a solid basis.” 
Later, at a reception, Pollard suggested 
that the agency should be launched with 
a $50-million budget. Another commit- 
tee member compared the operation of 
the proposed organization to that of the 
Operations Research Organization, 
pointing out that we should wage peace 
with the same scientific efficiency that 
we wage war. 

At both the press conference and the 
reception, committee members noted 
the lack of scientists on the Repub- 
lican task force, none of whom are 
listed in American Men of Science. All 
17 men in the Democratic group are 
recognized representatives of the 
scientific community. . 

In addition to Pollard, Kusch, and 
Urey, the members are: Samuel K. 
Allison, professor of physics, Enrico 
Fermi Institute for Nuclear Studies, 
University of Chicago; Harrison S. 
Brown, professor of geochemistry, Cal- 
ifornia Institute of Technology; Leslie 
C. Dunn, professor of zoology, Colum- 
bia University; Louis B. Flexner, chair- 
man, department of anatomy, University 
of Pennsylvania; Trevor Gardner, chair- 
man and president, Hycon Manufac- 
turing Company, Pasadena, Calif.; H. 
Bentley Glass, professor of biology, 
Johns Hopkins University; David R. 
Goddard, director, division of biology, 
University of Pennsylvania; Frank God- 
dard, Jet Propulsion Laboratory, Cali- 
fornia Institute of Technology; David 
L. Hill, consulting physicist, New York, 
N.Y.; Charles C. Lauritsen, professor of 
physics, California Institute of Technol- 
ogy; F. T. McClure, chairman, Research 
Center, Applied Physics laboratory, 
Johns Hopkins University; Richard B. 
Roberts, department of terrestrial mag- 
nhetism, Carnegie Institution, Washing- 
ton, D.C.; John S. Toll, chairman, de- 
partment of physics, University of 
Maryland; and Gilbert F. White, chair- 
man, department of geography, Univer- 
sity of Chicago. 

Eight members of the Democratic 
Advisory Committee on Science and 
Technology belong to the Federation of 
American Scientists, an organization 
that pioneered in the scientist’s struggle 
to be heard in politics. The federation 
was formed in 1946 by a group of nu- 
clear physicists who felt that Congress 
should hear the scientists’ point of view 
when it was considering atomic energy 
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legislation. Now that both political 
parties are giving formal attention to 
scientific questions, and with legislation 
pending before Congress, it seems clear 
that scientific issues will be widely dis- 
cussed in the 1960 election campaign. 





Lunik III Flight to Moon 
Underscores U.S.-Soviet Positions 
in Space Competition 


Lunik III, the 618-pound Soviet 
moon rocket, is expected to go around 
the earth 18 October as it follows the 
elliptical orbit that first took it around 
the moon last week. The rocket was 
launched 4 October, the second anni- 
versary of the launching of the world’s 
first satellite, Sputnik I. Reaction here 
to the launching and to the develop- 
ments in the space competition dur- 
ing the last 2 years has been a com- 
posite of realistic acceptance of the 
facts and a growing realization that 
without the sine qua non of space re- 
search—rocket boosters in the 1.5-mil- 
lion-pound thrust range—the future can 
only promise a widening gap between 
this country’s achievements and those 
of the Soviet Union. 

“I wish it were different, but there 
is nothing you can do to change the 
clock back.” This comment, by Her- 
bert York, the Defense Department’s 
director of research and engineering, re- 
flects both the general view on the 
latest Soviet moon shot and one of 
the major reasons for the gap. The 
Soviet Union is reported to have started 
its rocket program in 1946, with the 
aid of a sizable number of German 
scientists. This country, putting its 
reliance on bomber-carried atomic 
weapons, did not start such a program 
until 1953, when tests in the Pacific 
showed the feasibility of combining 
small nuclear warheads with rocket 
carriers. A crash program was insti- 
tuted, also with the help of German 
scientists. 

The program, which has been marked 
by many successes and a number of 
spectacular failures, has resulted in 
the orbiting of 12 satellites, including 
the paddle-wheel satellite that relayed 
a picture of the earth’s cloud cover, 
and Vanguard III, a 50-pound device 
launched 18 September. The U.S. sat- 
ellites have ranged in size from 3 to 
450 pounds. Most (and this is re- 
garded as the significant fact) have 
carried a wide range of finely sensi- 
tive—“sophisticated”— instruments that 


have relayed back miles of taped in- 
formation on the nature of outer space. 
The Van Allen radiation belts, for ex- 
ample, were discovered by analysis of 
this information. 

The Russian program has resulted in 
the orbiting of four satellites, but each, 
because of its weight and the nature 
of the experiment involved, represented 
a major step in the exploration of 
space. Sputnik II carried the dog 
Laika. Sputnik III, with a payload of 
almost 3000 pounds, is the largest sat- 
ellite ever put in orbit. Lunik III is 
the first to have circled the moon. 


Lunik’s Observations Unreported 


Although Lunik III was launched 
almost 2 weeks ago, no concrete in- 
formation as to its purposes or obser- 
vations has been reported to the public. 
At the time of launching it was widely 
reported that the instrument case con- 
tained a camera that would take pho- 
tographs of the dark portion of the 
moon. Since 4 October, however, 
Soviet commentators have not con- 
firmed or denied the earlier report. 
Nor is factual information available 
as to whether the satellite passed in 
front of the moon’s path or behind it. 
Most of the released information on 
Lunik’s progress has been obtained 
second-hand from the Soviet press 
agency, Tass. According to these re- 
ports, the satellite came within 4375 
miles of the moon during its swing 
around it. A maximum distance from 
the earth of 291,870 miles was re- 
ported. The speed of the satellite varied 
with the influence of gravity; on the 
return flight the speed is said to be 
about 1200 miles an hour. When the 
satellite reaches the point in its orbit 
closest to the earth—about 25,000 
miles away—it is expected to have a 
speed of 9000 miles per hour. After 
it reaches this point Lunik will start 
on its second outward trip. No pre- 
diction has been made about the satel- 
lite’s life expectancy. Beyond these 
facts, the United States experts have 
little information about Lunik. All 
speculation may be thrown off by the 
firing of undisclosed “retro” or counter- 
thrust rockets. Commentators generally 
agree that the Soviets are making a 
minimum number of commitments on 
Lunik to avoid the propaganda risks 
of missing announced goals. 

Among the many comments that 
followed the Soviet moon shot was one 
by T. Keith Glennan, administrator 
of the National Aeronautics and Space 
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Administration: “We are no further 
behind them than we were yesterday. 
But that’s far enough.” Glennan cited 
the propulsion problem as the main 
source of this country’s difficulties, sug- 
gesting that “in the opinion of our 
scientists, we lack only the propulsion 
capacity to match their spectacular 
feats.” 

Work on this problem is currently 
under way among the U.S. agencies 
concerned with space. Two rockets, 
the Vega and the Centaur, are now 
under development and are expected to 
match the thrust of the rockets currently 
in use in the Soviet Union. They are 
expected to be ready in about a year. 
Two other rockets, the Nova and the 
Saturn, are being developed for use in 
the 1960’s. These are being designed 
to have the 1.5-million-pound thrust 
that is held to be necessary for extra- 
terrestrial contacts. In recent weeks, 
however, there has been discussion 
about curtailing the Saturn program 
for lack of funds. 


Economy Delays Program 


Although no responsible official has 
stated that more spending alone is the 
answer to this country’s difficulties in 
the space competition, there is no ques- 
tion that uncertain financing and pe- 
riodic budget cuts have delayed the 
programs that promise to provide 
boosters of the capacity needed. The 
possibility of curtailment or cancellation 
of the Saturn program is only one ex- 
ample. During its last session, Con- 
gress made a significant reduction of 
the funds that the President had re- 
quested for the National Aeronautics 
and Space Administration. The House 
of Representatives had made a cut of 
$60 million in NASA’s budget. The 
Senate recommended the full amount 
of $350 million. In accordance with 
the usual practice in Congress, the dif- 
ference was split, and the space agency 
lost $30 million. At the time of the 
House cut, the NASA administrator 
said that action would have “crippling” 
and “disastrous” consequences with re- 
gard to space competition. During the 
period when Congress was acting on 
the NASA request, there was a lull in 
Soviet space activities and the cut was 
the subject of little debate and little 
publicity. Recent events, including the 
launching of Lunik II, which hit the 
moon, and of Lunik III, can be ex- 
pected to make the issue of economy in 
space activities a lively one in the po- 
litical campaigns ahead. 
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Call for Space Forum 
Planned by Soviets 


The Soviet Union plans to ask the 
United Nations to convene an interna- 
tional scientific conference on space re- 
search. The call for the conference was 
made last week by Deputy Foreign 
Minister Vasily V. Kuznetsov in a 
speech before the U.N. General Assem- 
bly. Reports indicate that the Soviet 
Union will propose that the meeting be 
held next year and that it be modeled 
on the scientific conferences on the 
peaceful uses of atomic energy that 
were held in Geneva in 1955 and 1958. 

The suggestion for the conference 
was made during a long speech on dis- 
armament that included a discussion of 
the problems of outer space. Kuznetsov 
cited recent advances, including the 
Russian moon shot, and mentioned the 
need for cooperation in space activities. 
Following this, he said: “Taking into 
account the benefits of the exchange of 
experience in the field of scientific re- 
search accomplishments for a more 
rapid progress in exploring outer space, 
the Soviet Government intends, in par- 
ticular, to put forward the proposal to 
convene under United Nations auspices 
an international conference of scientists 
on the exchange of experience in ex- 
ploring outer space.” 


Response Favorable 


The response to the proposal was 
generally favorable among the dele- 
gates. The United States and Britain 
approved the suggestion, thus virtually 
assuring that such a conference would 
be held. “We welcome this new depar- 
ture in Soviet policy and hope that it 
means cooperation in the future work 
of the United Nations in the field of 
outer space,” Ambassador Lodge said 
in a statement issued later. In London, 
the British Foreign Office said that it 
had no details on the proposal, but that 
“.. . we very much welcome the Soviet 
intentions. Our policy is to encourage 
the fullest possible international ex- 
change on these matters.” Similar re- 
sponses were made by the leaders of 
other delegations at the U.N. 

Some doubt has been expressed that 
such a meeting could be held before the 
last quarter of next year because of the 
lengthy preparations that would be re- 
quired. If the model of the “atoms-for- 
peace” conferences were followed, elab- 
orate displays of devices and tech- 
niques would be in order, as well as the 





submission of technical papers dealing 
with all aspects of outer space explora- 
tion. Policies on security and declassifi- 
cation would also have to be devised. 


Another Meeting Planned 


In addition to the projected confer- 
ence, another space forum is scheduled 
for next year. This is the meeting of the 
Committee on Space Research of the 
International Council of Scientific Un- 
ions. The committee is an outgrowth of 
the International Geophysical Year and 
seeks to find ways to continue the co- 
operation in space research that char- 
acterized the IGY. The meeting is set 
for next January and will be held in 
France. The committee, as a unit of 
ICSU, is non-governmental in nature, 
and concerns itself with purely scientific 
matters, such as advanced notice of 
space probes, tracking, exchange of 
data, and the provision of room on 
space vehicles for experiments prepared 
by scientists in countries that have no 
space capabilities. One of the early ef- 
forts of the committee was to get inter- 
national cooperation on the matter of 
avoiding contamination of the moon. 

Although the Soviet Union has voiced 
objections on the imbalance of the com- 
mittee representation between Commu- 
nist and neutralist nations and Western- 
bloc nations, it is reported that these 
difficulties are being worked out. The 
result may be two major exchanges of 
space data in the coming year, with 
the Soviet participating in both. 





Canadian Atomic Energy 
Moves Ahead 


Canada and Euratom, the six-mem- 
ber European atomic energy pool, have 
entered into two agreements for a $10- 
million peaceful atomic energy ex- 
change program. The first agreement, 
valid for 10 years, lays down the legal 
conditions for exchange of source ma- 
terial and special nuclear material on 
commercial terms, and for exchange of 
information, technical advice, and train- 
ing facilities. Under the second agree- 
ment, Atomic Energy of Canada Lim- 
ited will make available its experience 
with a natural-uranium fueled heavy- 
water-moderated type of reactor. 

The $10 million is to be contributed 
over 5 years, half by Atomic Energy of 
Canada, to be spent in Canada, and the 
other half by Euratom, to be spent in 
its member countries — France, West 
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Germany, Italy, the Netherlands, Lux- 
embourg, and Belgium. 


Manitoba Research Center Planned 


In another announcement, Atomic 
Energy of Canada reports that it will 
build a new nuclear energy research 
and development center in Manitoba. 
At present Canada’s only major nuclear 
research center is the Chalk River es- 
tablishment on the Ottawa River, about 
150 miles west-northwest of Ottawa. 
However, the government-owned com- 
pany has a Nuclear Power Plant Divi- 
sion in Toronto and a Commercial 
Products Division in Ottawa. 

The management of Atomic Energy 
of Canada Limited feels that the Chalk 
River center cannot operate at makxi- 
mum efficiency if it continues to expand. 
Among the major facilities at Chalk 
River are four research reactors, includ- 
ing the NRX and NRU reactors, parti- 
cle accelerators, and chemical and met- 
allurgical plants. The number of work- 
ers is approaching 2500, of whom some 
400 are university graduates. 


Chalk River Reactor School 


A further development in Canadian 
atomic energy is the announcement that 
the first class in the newly established 
Chalk River Reactor School will begin 
| February 1960. Canadian and for- 
eign engineers and scientists may apply 
for admission to the school, which will 
have a class of 20 students in each 12- 
week course. 

The school was set up in response to 
the wide interest shown in the atomic 
power systems being developed in Can- 
ada. The course of studies places spe- 
cial emphasis on power reactors moder- 
ated with heavy water and fueled with 
natural uranium, such as the 20,000 
kilowatt NPD (Nuclear Power Demon- 
stration) station now under construction 
near Rolphton, Ontario, and the 200,- 
000 kilowatt CANDU (Canadian Deu- 
terlum Uranium) station to be built 
north of Kincardine, Ontario. 

The Chalk River Reactor School will 
not duplicate instruction being given by 
universities. Candidates for the school 
must have a university degree in phys- 
ics, engineering physics, chemistry, met- 
allurgy, or engineering. The school 
will give these graduates first-hand 
knowledge not only of power reactors 
but also of the advanced research and 
engineering test reactors. 

Director of the Reactor School is 
D. A. Keys, scientific adviser to the 
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president of Atomic Energy of Canada 
Limited, and secretary is W. R. Living- 
ston, head of the Office of Industrial 
Assistance. Lecturers are senior com- 
pany executives and members of the 
staffs of the various AECL divisions in 
Toronto, Ottawa, and Chalk River. 
Application forms may be obtained 
from Canadian embassies or consulates 
or from the Secretary, Chalk River Re- 
actor School, Atomic Energy of Canada 
Limited, Chalk River, Ontario. Com- 
pleted application forms for the first 
course must be received at the secre- 
tary’s office not later than 15 November. 





U.S. and U.S.S.R. Exchange 
Scientific Fishery Knowledge 


Five American fishery scientists have 
returned home after an extensive in- 
spection in August of Russian salmon 
fisheries, and five Russian fish experts 
have arrived in the United States to ob- 
serve American salmon activities, the 
Department of the Interior reports. The 
trips were arranged for an exchange of 
scientific and practical fishery informa- 
tion. 

The Russians are touring the Pacific 
Northwest and Alaska and will return 
to Washington about 21 October. Their 
itinerary includes inspection of salmon 
hatchery operations and the work of 
fish nutrition and fish disease labora- 
tories. They will see the operations of 
privately owned can companies, can- 
neries, and fish freezing and cold stor- 
age facilities. 

The American mission to the Russian 
salmon areas had a double purpose—to 
give U.S. specialists an opportunity to 
learn of Russian fishery operations first 
hand, and to secure fish and fish blood 
samples of known Russian origin for a 
long-range internationtal salmon study 
which has been in progress for about 3 
years. Members of the American group 
report success in both aims, stressing 
that their hosts were especially coopera- 
tive. 

The North Pacific salmon study is a 
three-nation project—Japan, Canada, 
and the United States are participating. 
One purpose of this study is to secure 
data upon which nations of Asia and 
North America may base salmon man- 
agement plans. A specific problem is to 
determine the place and the extent of 
intermingling of the American and 
Asian races of salmon during the time 
the salmon are at sea. This in turn ne- 


cessitates the development of a system 
of differentiating American from Asian 
fish. Research has indicated that prob- 
ably the most reliable way to differen- 
tiate between the two races is by blood 
type. 

At the Bureau of Commercial Fish- 
eries Biological Laboratory at Seattle, 
Washington, considerable work has 
been done on this project on salmon 
and blood samples from Japan, Canada, 
and the United States salmon areas. No 
salmon unquestionably of Russian ori- 
gin were available for study until this 
exchange visit, when the Russians, al- 
though their salmon fishing season in 
most areas was closed, let the American 
visitors take fish out of streams on the 
Kamchatka peninsula. 


Research Grants 
To Be Used by Defense Department 


The use of grants for the support of 
basic research is now permitted in the 
Department of Defense. The depart- 
ment, acting after a long delay, last 
month issued a directive implementing 
a law passed last September which gave 
the department and a number of other 
federal agencies authority to use grants 
as well as contracts. Prior to passage of 
the law the research contract had been 
the only means of support for basic re- 
search that could be used by the depart- 
ment. Grants, unlike contracts, demand 
neither detailed plans nor detailed ac- 
counting. 

The effect of the law, P.L. 85-934, 
was to liberalize the terms by which 
some federal agencies, previously lim- 
ited to contracts, could provide grants 
for research. Several agencies—the Na- 
tional Science Foundation and the De- 
partment of Health, Education and 
Welfare, for example—already had 
such authorization and hence were not 
affected by the act. The principal agen- 
cies affected were the Department of 
Defense, the Atomic Energy Commis- 
sion, the National Bureau of Standards, 
and the newly created National Aero- 
nautics and Space Administration. 

The Bureau of Standards and NASA 
have been making use of grants for 
some time as have some divisions of 
AEC. The’ new Department of Defense 
directive, which became effective 25 
August, represents the initiation of the 
practice by the governmental agency 
which spends the greatest amount of 
money on scientific research. 
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(Top) Some members of the international team of the Halden reactor project in the 
control room of the reactor. Seated at the control deck are deputy project managers 
Kjell Petter Lien (Norway) and N. Rydell (Sweden). Standing are (from left to right) 
Magnus Oevreeide (Norway), Heinz Braun (Germany), Henk Buis (Netherlands), and 
J. Deshong (U.S.A.). (Bottom) Halden reactor hall as it appears from the entrance tunnel. 
The display board in the foreground shows the present core loading. The reactor pit is 
in the middle of the floor, with the steam drum in the background. 
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King Olva Opens Heavy Water 
Reactor at Halden 


King Olav of Norway opened the 
world’s first boiling heavy water reactor 
at Halden, south of Oslo, on 10 Octo- 
ber. The reactor was built by the Nor- 
wegian Institutt for Atom-energi and is 
to be used for an international coopera- 
tive research program that is being 
sponsored by the Organisation for Eu- 
ropean Economic Cooperation. In ad- 
dition to Norwegian scientists, the 
Halden research group includes inves- 
tigators from Austria, Denmark, Eura- 
tom (representing Belgium, France, 
Germany, Italy, Luxembourg, and the 
Netherlands), Sweden, Switzerland, 
and the United Kingdom. The joint 
project was organized by the OEEC 
European Nuclear Energy Agency. 

The reactor has been working at low 
power levels since 29 June. The power 
level will be gradually increased to- 
ward the ultimate design level of 20,- 
000 kilowatts (heat). 


New Curriculum Introduced 
at Stanford 


The Stanford University School of 
Medicine’s new curriculum, which went 
into effect on 30 September in the new 
$22-million Medical Center, inaugur- 
ates a program in which basic science 
is taught according to subjects or areas 
of unified interest, rather than along 
departmental lines. Laboratory work is 
carried out in small multidiscipline 
laboratories employing almost exclu- 
sively the experimental approach. Indi- 
vidual courses in anatomy, physiology, 
and biochemistry, among others, have 
given way to cooperative courses plan- 
ned and executed by committees made 
up of representatives of the departments 
concerned. An integrated course pre- 
sents the fundamental principles con- 
cerning the biological aspects of man 
in terms of normal structure and func- 
tion. 


At Stanford the total medical school 
program is 5 years, most of the stu- 
dents entering at the end of 3 years of 
college work. The basic medical sciences 
are spread out over the first 3 years. In 
addition an amount of time equivalent 
to 1 academic year is devoted to non- 
medical work, work that is carried out 
during the first 3 years. The Stanford 
program is similar to one that Western 
Reserve University has had in effect 
for about 6 years. 
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Another Arkansas Dismissal 


In late August this section reported 
the names of four professors at the Uni- 
versity of Arkansas who were dismissed 
for refusing to comply with a new 
Arkansas statute, generally regarded as 
a measure to oppose the National As- 
sociation for the Advancement of Col- 
ored People, that requires all publicly 
employed teachers to list the organiza- 
tions to which they have belonged or to 
which they have contributed during the 
past 5 years. 

Inadvertently, the name of Robert S. 
Ely was omitted. Ely, an associate pro- 
fessor of pediatrics, was also among 
those forced to resign. He is now in 
private practice in Salt Lake City. An 
observer comments: 

“T feel he was a true loss to academic 
pediatrics and that he should receive 
recognition for making this very difficult 
decision. Several of his faculty col- 
leagues reversed their decision at the 
last moment in order to avoid the in- 
convenience such a decision entailed. 
Dr. Ely refused to betray his principles 
and was a leader in organizing the test 
of legality of this unfair act, prior to 
his dismissal.” 


Grants, Fellowships, and Awards 


General graduate. The National 
Academy of Sciences—National Re- 
search Council has again been called 
upon to advise the National Science 
Foundation in the selection of candi- 
dates for the foundation’s program 
of graduate and postdoctoral fellow- 
ships. The foundation plans to award 
approximately 1100 graduate and 125 
postdoctoral fellowships in these two 
programs during the 1960-61 academic 
year. Committees appointed by the 
Academy-Research Council will evalu- 
ate applications of all candidates; final 
selection will be made by the founda- 
tion. 

Open only to citizens of the United 
States and awarded solely on the basis 
of ability, the fellowships may be used 
for advanced study in the mathematical, 
physical, medical, biological, and engi- 
neering sciences, including anthro- 
pology, psychology (excluding clinical 
psychology), and the following social 
sciences: geography, mathematical eco- 
nomics, econometrics, demography, in- 
formation and communication theory, 
experimental and quantitative sociol- 
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ogy, and the history and philosophy 
of science. The awards are open to col- 
lege seniors, graduate and postdoctoral 
students, and other individuals with 
equivalent training and experience. 

All applicants for graduate (predoc- 
toral) awards will be required to take an 
examination designed to test scientific 
aptitude and achievement. This exami- 
nation, administered by the Educa- 
tional Testing Service, will be given on 
16 January 1960, at designated centers 
throughout the United States and cer- 
tain foreign countries. 

The annual stipends for graduate fel- 
lows are as follows: $1800 for the first 
year; $2000 for the intermediate year; 
and $2200 for the terminal year. The 
annual stipend for postdoctoral fellows 
is $4500. Limited allowances will also 
be provided for tuition, laboratory fees, 
and travel. 

Further information and application 
materials may be obtained from the 
Fellowship Office, National Academy of 
Sciences—National Research Council, 
2101 Constitution Ave., NW, Washing- 
ton 25, D.C. The deadline for the re- 
ceipt of applications for regular post- 
doctoral fellowships is 22 December 
1959, and for graduate fellowships, J 
January 1960. 

Teacher training. The National Sci- 
ence Foundation will support about 
200 In-Service Institutes for Secondary 
School Teachers of Science and Math- 
ematics during 1960-61. Proposals are 
now being accepted from universities 
and colleges interested in participating 
in this program, which is designed pri- 
marily to assist colleges and universities 
to encourge teachers in local and out- 
lying school districts to take advantage 
of scientific training facilities not other- 
wise readily accessible to them. During 
the academic year just beginning, about 
8600 secondary school teachers will be 
enrolled in these after-school institutes. 

Directions for preparing proposals 
may be obtained from the Institutes 
Section, National Science Foundation, 
Washington 25, D. C. Deadline for sub- 
mission of completed proposals is 30 
November. 


News Briefs 


National Science Youth Month is 
being observed throughout October. 
Under the auspices of Science Service, 
Washington, D.C., high school stu- 
dents and their science teachers, joined 


by 33 national civic, professional, in- 
dustrial, labor, and educational groups, 
are taking part in the observance. In a 
special statement, President Eisenhower 
has urged participation in National Sci- 
ence Youth Month in communities 
everywhere as a means of strengthening 
all phases of education and of stimulat- 
ing in young students a regard for the 
traditions of intellectual excellence. 
o a a 

The Senate Committee on Interstate 
and Foreign Commerce will hold a 
series of public hearings in Alaska dur- 
ing the latter part of October on pend- 
ing bills, including S. 1889, which 
authorizes the establishment of the Arc- 
tic Wildlife Range. Persons desiring to 
testify are asked to notify the commit- 
tee, Room 5108, New Senate Office 
Building, Washington, D.C., where the 
hearings schedule is available. A wit- 
ness must submit in advance ten copies 
of the statement he expects to present. 


oe ” oe 


More than 750 delegates from all 
parts of the United States are expected 
to attend a conference on science and 
technology in Israel and the Middle 
East to be held in New York during the 
weekend of 31 October and 1 Novem- 
ber. Sponsored by the American Tech- 
nion Society, 1000 Fifth Avenue, New 
York, N.Y., as a means of bringing to- 
gether the best of scientific thinking to 
spur the industrial development of Israel 
—and to demonstrate to Israel’s neigh- 
bors the benefits of modern technology 
—the conference will be held at the 
Hotel Statler in New York. 

a Bs a 

Last month the Engineers Joint 
Council, New York, released the first 
issue of Engineer, a bulletin to report 
pertinent national affairs and EJC activ- 
ities. 

Bo a os 

National Medical Fellowships, Inc., 
has announced that the Alfred P. 
Sloan Foundation has granted $60,000 
for ten 4-year medical-school scholar- 
ships to promising Negro college stu- 
dents. Of the 220,831 physicians 
throughout the country, only about 
4000 are Negro; thus, in comparison 
with a ratio of one doctor to 815 peo- 
ple for the entire nation, there is only 
one Negro physician per 4500 Negroes. 
Since it was founded in 1946, National 
Medical Fellowships, Inc., has awarded 
$819,333 in fellowships, scholarships, 
and loans to 262 Negro men and 
women pursuing medical careers. 
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Scientists in the News 


The winners of the American Heart 
Association’s 1959 Howard W. Blakes- 
lee Awards are as follows: 

Ben Pearse, free-lance writer, for two 
articles in the Saturday Evening Post: 
“The Pill with the Built-in Surprise,” 
published 4 October 1958, and describ- 
ing the use of the new drug chloro- 
thiazide in the treatment of heart fail- 
ure, kidney disease, and high blood 
pressure; and “Spare Parts for Defec- 
tive Hearts,” published 30 August 1958, 
and relating to the development of plas- 
tic materials for use in treating im- 
properly operating heart valves. 

“Open-heart surgery,” a CBS-TV film 
presented a part of the Conquest series 
on 9 March 1958. It showed the team- 
work of Walton Lillehei and his asso- 
ciates in open-heart surgery on a 6- 
year-old girl at the University of Min- 
nesota Medical School. The program 
was sponsored by Monsanto Chemical 
Company. 

“Operation tracer,” a television pro- 
gram in the Heart of a Child series, 
presented by WBBM-TV, Chicago, 
which began 9 June 1958. It described 
a disease-protection program through 
which a child was safeguarded from 
rheumatic fever and possible rheumatic 
heart disease. 

Each of the winners received an 
honorarium of $500. 


Owen T. Gribbin, product develop- 
ment manager with Standard Brands, 
Inc., Sherburne, N.Y., has been named 
chief food chemist with Foster D. Snell, 
Inc., New York. 


Scientific visitors to the United States 
from the United Kingdom include the 
following: 

J. S. Garside, senior principal scien- 
tific officer on the staff of the Houghton 
Poultry Research Station (Agricultural 
Research Council), arrived 15 October 
and will leave 25 November. His itiner- 
ary includes: Canada, California, Michi- 
gan, New York, Massachusetts, Con- 
necticut, and New Jersey. 

E. Orr, senior scientific officer of the 
Economics Division at the Tropical 
Products Institute, Department of Scien- 
tific and Industrial Research, London, 
arrived 11 October and will leave 30 
October. Her itinerary includes Wash- 
ington, D.C., and San Francisco. 

H. E. Newall, principal scientific of- 
ficer, Warren Spring Laboratory, De- 
partment of Scientific and Industrial Re- 
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search, London, arrived 6 October and 
will leave 28 October. His itinerary in- 
cludes: Washington, D.C., Pennsyl- 
vania, Ohio, Illinois, Utah, California, 
Tennessee, and New York. 


Frank Manoy, senior technical staff 
member at Space Technology Labora- 
tories, has been appointed supervisor of 
a newly formed satellite and space de- 
fense studies group at Electro-Optical 
Systems, Inc., Pasadena, Calif. 


B. H. Colvin, mathematician of the 
Physical Research Unit at Boeing Air- 
plane Company, has been appointed 
head of the Mathematics Research 
Laboratory, Boeing Scientific Research 
Laboratories, Seattle, Wash. 


Rev. Placidus Reischman has been 
appointed head of the department of 
biology at St. Martin’s College, Olym- 
pia, Wash. 


The National Science Foundation has 
appointed the following new program 
directors in its Division of Biological 
and Medical Science: 

Roy P. Forster, on leave of absence 
as professor of zoology at Dartmouth 
College, has been appointed program 
director for regulatory biology. He will 
administer research grants for the study 
of regulative processes in organs and 
organ systems. 

Dwight D. Miller, on leave of absence 
as professor of zoology at the Univer- 
sity of Nebraska, has been appointed 
program director for genetic biology. 
He will administer research grants for 
study of the nature, action, and trans- 
mission of genes and chromosomes in 
individuals, families, and populations of 
living organisms. 

Meredith N. Runner, research scien- 
tist with the Roscoe B. Jackson Me- 
morial Laboratory, has been appointed 
program director for developmental 
biology. He will administer grants for 
the study of plant and animal em- 
bryology, fertilization, morphogenesis, 
differentiation, growth, regeneration, 
and physiology of reproduction. 

Francis J. Reithel, on leave of ab- 
sence as professor and head of the de- 
partment of chemistry at the University 
of Oregon, has become program direc- 
tor for molecular biology. He will ad- 
minister grants studying the structure 
and reactivity of biologically important 
macromolecules such as proteins, nu- 
cleotides, and hormones, as well as 
various aspects of physical biology. 





Edwin J. Wellhausen, director of the 
Rockefeller Foundation’s agricultural 
program in Mexico, has been appointed 
associate director for the agricultural 
sciences. In his new position he will 
direct the foundation’s recently created 
inter-American corn improvement pro- 
gram, which will chiefly involve re- 
search in Latin America. 


The recipients of the 1960 awards of 
the American Chemical Society include 
the following: 

Herbert C. Brown, professor of 
chemistry at Purdue University—ACS 
Award for Creative Work in Synthetic 
Organic Chemistry, sponsored by the 
Synthetic Organic Chemical Manufac- 
turers Association. 

Charles D. Coryell, professor of 
chemistry at Massachusetts Institute of 
Technology—ACS Award for Nuclear 
Applications in Chemistry, sponsored 
by the Nuclear—Chicago Corporation. 

E. L. Jack, professor of dairy indus- 
try at the University of California, 
Davis—ACS Award in the Chemistry 
of Milk, sponsored by the Borden Com- 
pany Foundation, Inc. 

Elias J. Corey, professor of chemis- 
try at Harvard University—ACS Award 
in Pure Chemistry, sponsored by Alpha 
Chi Sigma Fraternity. 

Arthur F. Scott, professor of chem- 
istry at Reed College—Scientific Ap- 
paratus Makers Award in Chemical 
Education. 

Neal R. Amundson, professor and 
head of the department of chemical 
engineering at the University of Min- 
nesota—ACS Award in Industrial and 
Engineering Chemistry, sponsored by 
the Esso Research and Engineering 
Company. 

Arthur B. Pardee, associate profes- 
sor of biochemistry and virology, Uni- 
versity of California, Berkeley—Paul- 
Lewis Laboratories Award in Enzyme 
Chemistry. 

James D. Watson, associate professor 
of biochemistry at Harvard University 
—Eli Lilly and Company Award in 
Biological Chemistry. 

Robert W. Taft, Jr., professor of 
chemistry at the Pennsylvania State 
University—ACS Award in Petroleum 
Chemistry, sponsored by Precision Sci- 
entific Company. 

P. J. Elving, professor of chemistry 
at the University of Michigan—Fisher 
Award in Analytical Chemistry. 

The presentation of the awards will 
take place at the spring meeting of 
the association in Cleveland, Ohio. 
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The Incas of Pedro Cieza de Leon. 
Translated by Harriet de Onis. Victor 
Wolfgang von Hagen, Ed. University 
of Oklahoma Press, Norman, 1959. 
Ixxx + 394 pp. Illus. $5.95. 


In 1535 a 13-year-old Spanish boy, 
from Llerena in Estremadura, sailed 
from Seville to Cartagena. There he 
joined one of the armies of exploration 
and conquest that were being formed 
and set off into the interior. Fifteen 
years later he emerged at Lima, Peru, as 
a mature soldier preparing to return to 
his homeland. His journeys and trials 
had not brought him great wealth, but 
the things he saw and reflected upon 
during all this time were chronicled in 
a manuscript that he took back to Spain 
with him. This man was Pedro Cieza de 
Leén, one of the great soldier-historians 
of the Spanish conquest of the New 
World, a man who ranks along with 
Bernal Diaz del Castillo in his ability to 
relate an event with straightforwardness 
more vivid than the purplest prose. 

Between 1535 and 1550 Cieza had 
served with such men as_ Robledo, 
Belalcazar, and La Gasca. He had seen 
the Cauca Valley and the Quimbaya 
Indians. He entered Quito when the 
memories of Atahuallpa were still alive. 
And he had been on the plain at 
Xaquixahuana when La Gasca broke the 
forces of Gonzalo Pizarro to end Peru’s 
bloody civil wars in 1548. Commis- 
sioned as an official historian by La 
Gasca, Cieza spent the next two years 
traveling through Peru and Bolivia 
making a systematic inquiry into Inca 
history and culture. This, in brief, was 
the experience detailed in eight books 
of which only the first had been pub- 
lished when Cieza died in 1554. 

Cieza was a man with strong human- 
ist leanings, and his writings revealed his 
concern over the European mistreat- 
ment of the Indians. Because of the 
critical nature of his comments on this 
subject, his plans for the publication of 
the remainder of his work ran afoul of 
the Inquisition. His manuscript was, in 
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effect, impounded in the archives of the 
Council of the Indies where, except for 
some pirating and plagiarizing late in 
the 16th century, it was forgotten. A bad 
translation of a part of his first book was 
published in English in 1709, but it re- 
mained for W. H. Prescott to “redis- 
cover” Cieza when he drew upon this 
remarkable source for his Conquest of 
Peru. Later, Sir Clements Markham 
pubiished the whole of the first two 
books in English; and there have been 
subsequent Spanish editions and other 
English translations of both the first two 
books and of sections of other books. 

The present Onis-Von Hagen edition 
utilizes those parts of books 1 and 2 
which deal with Cieza’s travels in the 
domain of the Inca between 1547 and 
1550. The original chapters have been 
rearranged, however, so that they follow 
the traveler on his journey from north 
to south. Other chapters have also been 
assembled to form a kind of Inca eth- 
nography and history. In each case the 
chapters are labeled to show their orig- 
inal provenience and position in the 
Cieza volumes. The whole has been 
put together with a long introduction 
by Von Hagen, and interlaced through 
the book are a series of 32 excellent 
half-tones illustrating the landscape and 
archeological monuments which Cieza 
saw and described. This is a very effec- 
tive presentation, and it serves to give 
the work a great popular appeal with- 
out in the least detracting from its 
scholarly qualities. 

The De Onis translation is the finest 
in English, and I think there is little 
doubt that this rendering of Cieza de 
Leén is the best all-round presentation 
of both the man and his writings which 
has yet appeared in print. Von Hagen 
shows great perceptiveness, imagina- 
tion, and feeling in his creation of the 
historical contexts, both immediate and 
on the larger scale of 16th-century 
world politics. 

GorDON R. WILLEY 
Peabody Museum of Archaeology and 
Ethnology, Harvard University 


The Relation of Fungi to Human Af- 
fairs. William D. Gray. Holt, New 
York, 1959. xiii + 510 pp. Illus. 
$8.50. 


This is a textbook designed for a 
somewhat unusual type of course which 
might be called “economic mycology” — 
a specialized branch of “economic bot- 
any.” This may seem, to the outsider, 
to be rather too much concentration on 
too limited a subject, but in this one will 
soon agree with the author that, in fact, 
the subject is far greater than can pos- 
sibly be contained in 510 pages. Gray, 
however, does an excellent job of mak- 
ing a clear and well-organized summary 
of the field. He begins with a brief de- 
scription of the morphology and classi- 
fication of the fungi, and then divides 
the major portion of the book into two 
sections: the “Beneficial activities of 
fungi,” and “Harmful activities of fun- 
gi.” Let me just list the topics covered, 
for the magnitude of the activities of 
fungi are indeed impressive. Under the 
beneficial activities we find the destruc- 
tion of organic wastes; mycorhizae; fungi 
as food and their role in food process- 
ing (especially cheese); fungi in medi- 
cine (especially antibiotics, but many 
other topics as well); alcohol fermen- 
tation; the syntheses of gallic, citric, 
gluconic, itaconic, and kojic acids, as 
well as various enzymes, glycerol, and 
fats; the use of fungi in bioassays; and 
then a fair group of miscellaneous ac- 
tivities. Among the harmful aspects we 
find plant diseases, timber and paper 
destruction, tropical deterioration of 
materials and objects, food spoilage, 
and medical mycology (allergies, my- 
coses, and mushroom poisoning). 

The material presented in the sum- 
mary of each of these subjects is well 
chosen to give an effective picture. 
Furthermore, it is a modern picture for 
the author has taken pains to bring the 
topics discussed up-to-date. If the read- 
er wishes to pursue any of these large 
topics further, there is a well selected 
bibliography at the end of each chapter. 

It should be reemphasized that this 
is a textbook and not a literary essay, 
such as, for instance, John Ramsbot- 
tom’s Mushrooms and Toadstools. In 
fact, the two books, both excellent in 
their own way, are at opposite poles 
(and there are others that lie somewhere 
in between). Ramsbottom’s style is live- 
ly and witty, while Gray’s is wholly un- 
obtrusive. Ramsbottom concentrates on 
a few topics of special interest, while 
Gray gives a balanced and well-rounded 
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picture of the whole field. It would be 
fitting, in a course of “economic my- 
cology,” that Gray’s book should be 
used as a text and Ramsbottom’s as col- 
lateral reading. 

JOHN TYLER BONNER 
Department of Biology, 
Princeton University 


The Cell. Biochemistry, physiology, 
morphology. vol. 1. Jean Brachet and 
Alfred E. Mirsky, Eds. Academic 
Press, New York, 1959. xxi + 816 
pp. Illus. $22. 


This is the first of a series of three 
books which will cover most of cell 
biology in some 40 articles written by 
well-known workers in the field. This 
volume is in two parts, the first on 
methods, the second on general prob- 
lems. The remaining two volumes will 
deal with cell constituents and special- 
ized cells. Every biological library 
should, and no doubt will, buy the 
series, but its price puts it beyond the 
means of the individual biologist. The 
production is excellent and up to the 
high standards of the publishers. The 
indexing is good and so are the illus- 
trations (except for the absence of 
figure captions in Ebert’s article). 

The best part of this volume is the 
section on general problems. There is 
an excellent article by Grobstein on the 
difficult field of cell differentiation. It 
is an intractable field at the moment, 
but it is still the central problem in cell 
biology. Briggs and King give a good 
review of the interactions of nucleus 
and cytoplasm in eggs and embryos and 
include a summary of their own im- 
portant work. It is a pity that it could 
not have been extended to cover re- 
cent research with micro-organisms. 
Ebert gives a clear and critical account 
of the immunological approach to bio- 
logical specificity. This is a rapidly 
developing subject and one of great ‘n- 
terest to all biologists, but at the mo- 
ment the approach is at the level of 
tissues and whole organisms and _ has 
not yet come down to the level of the 
cell. There are also articles on fertili- 
zation, sex determination, radiation 
effects, and plant cell growth and dif- 
ferentiation (which shows the wide gap 
between plant and animal cell biolo- 
gists). 

The section on methods is too short 
to be really useful. The articles cov- 
er a wide field and cannot be much 
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more than summaries of the available 
methods—Wyckoff on optical meth- 
ods, Gersh on fixation and staining, 
Glick on microchemical techniques, 
and White on tissue culture. The best 
reviews are those which cover a nar- 
rower field—Allfrey on cell fraction- 
ation, and Walker and Richards on 
microscopical methods for measuring 
single cells. In view of the fact that the 
same publishers are producing a series 
of books on_ general cytochemical 
methods, I doubt whether this section 
is really necessary. 

I must admit that I experience a 
slight sinking feeling when handling 
this book: 800 pages are a weight both 
for mind and hands. Surely it would 
have been better to split this into half- 
a-dozen or so smaller books: For the 
authors, this would mean greater per- 
sonal responsibility and, more freedom 
for individual views. For the editors, 
less pressure to collect contributions by 
a given date. For the readers, ease of 
handling, less mental indigestion, and 
the possibility of buying some of the 
books. For the librarian, the fact that 
six books can be read by six different 
people at the same time. At its price, it 
is hard to believe that this book would 
cost much more if it were so divided. 

J. M. MITCHISON 
Department of Zoology, 
University of Edinburgh 


Soviet Reviews of Nuclear Science. On 
the 40th anniversary of the October 
Revolution. Pergamon Press, New 
York, 1959. 110 pp. Illus. $5. 


This slim volume was first published 
in the U.S.S.R. in November 1957 as 
a special number of the journal Atom- 
naya Energiya in celebration of the 40th 
anniversary of the Soviet Revolution. 
This excellent English translation now 
appears under the auspices of Pergamon 
Press. 

The volume consists of eight papers, 
the longest of which is devoted to a 
review of high-energy particle research 
in the U.S.S.R. Next in length are 
reviews of work on low-energy neutron 
interactions and of the use of radio- 
isotopes in the U.S.S.R. Short, addi- 
tional papers describe Soviet work in 
radiochemistry and the development of 
atomic energy in the Soviet Union. 

The quality of the contributed papers 
is generally proportionate to the length; 
the Soviet scientists apparently find it 





difficult to say much in areas where 
security consciousness still runs high. 

The paper on high-energy physics by 
Dzhelepov and Pontecorvo reviews the 
use of the synchrocyclotron at the Joint 
Institute of Nuclear Studies. First com- 
pleted in December 1949, this accelera- 
tor was modified in 1950 and again in 
1953 so that it finally achieves proton 
energies of 680 Mev. The experimental 
work conducted with this accelerator 
since 1949 is described in detail. The 
paper contains a large number of 
graphs, taken from the Soviet literature, 
which summarize the experimental find- 
ings on high-energy interactions. Much 
of the apparatus used in these experi- 
ments—such as cloud chambers, bubble 
chambers, and a magnetic spectrometer 
—is shown in photographs. A clear, 
running account of the state of the field 
of high-energy physics at the time of the 
experiments is given. Non-Soviet work, 
both theoretical and experimental, is 
duly noted where necessary. 

The review of low-energy neutron 
interactions was written by Vladimirsky, 
Panov, Radkevich, and Sokolovsky. 
After a discussion of the measurements 
and the instruments used for this work, 
the state of the field is summarized, 
including the current knowledge of the 
distribution of neutron widths and level 
spacings, the dependence of the strength 
function, mean level spacing, and 
radiation width on atomic weight, and 
the less systematic data on fission 
parameters. The improvement in the 
theoretical fit of the strength function, 
when the asphericity of the nucleus is 
taken into account, is shown. However, 
the review is, in some respects, already 
out-of-date. Thus, the Porter-Thomas 
model of the statistical distribution of 
neutron widths has already gained gen- 
eral acceptance, and so has Wigner’s 
model of the distribution of level spac- 
ings. 

The papers on radioisotopes and 
radiochemistry will be of interest to 
workers in these fields, and indicate 
that the extent of work in these fields is 
comparable to that in the United States. 

The four papers on nuclear reactors 
are much more sketchy and incomplete. 
The paper by Nikolaev outlines the 
development of atomic energy expected 
in the Soviet Union during the sixth 
‘Five Year Plan. The reactors proposed 
for construction are only briefly de- 
scribed, although further details have 
since been released. Generally, it is 
stated that the program in the U.S.S.R. 
has aims similar to those of the United 
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States’ atomic energy program—to 
obtain experience with different, full- 
scale, atomic power plants in order to 
determine their economic potential. An 
incentive for atomic power, lacking in 
the United States, is the higher cost of 
fuel transportation, since the major use 
of electric power is in the European 
part of the U.S.S.R. while the major 
coal fields are in the East. It is clear 
that Russian engineers do not agree on 
the economic aspects of nuclear power 
any better than their Western counter- 
parts. Nikolaev expects the large pres- 
surized-water reactor to yield electricity 
at lower costs than coal fired stations, 
a statement contradicted by other 
spokesmen for the U.S.S.R. 

The remaining papers include a 
sketch of the superheated-steam, uran- 
ium-graphite reactor. Cost figures for 
the fuel are taken from non-Soviet 
sources. Similarly, the paper on graphite 
in nuclear reactors leans heavily on 
non-Soviet sources of information. 
Finally, a paper by Novikov on the 
efficiency of atomic power stations 
makes the point that regenerative heat- 
ing plays only a minor role in nuclear 
power plants compared with the role 
it plays in conventional steam plants. 

JACK CHERNICK 
Brookhaven National Laboratory, 
Upton, L. 1., N.Y. 


Bumblebees. John B. Free and Colin G. 
Butler. Macmillan, New York, 1959. 
xiv + 208 pp. Illus. $5.00. 


This readable book, one of the latest 
(No. 40) in the ‘New Naturalist’ 
series, was first published in England. 
The authors are on the staff of the 
bee department at the Rothamsted Ex- 
perimental Station. 

In the opening chapters, Free and 
Butler discuss the bumblebees’ life 
history, including such topics as the 
founding, growth, and decline of the 
colony, reproduction, the division of 
labor, and the enemies of the bumble- 
bees. Subsequent chapters go more 
deeply into behavior and treat the col- 
lection and storage of nectar and pollen, 
flower relationships, and locality learn- 
ing. The economic importance of bum- 
blebees in the pollination of certain 
forage and fruit crops is covered in a 
Separate chapter. The final chapter, 
“Bumblebees and their relatives,” is 
somewhat mistitled, for almost all of it 
is devoted to a comparison of the 
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habits of bumblebees with those of 
only one relative, the honey bee. 

The book contains four appendixes. 
The first and second are treatises on 
the collection and study of bumblebee 
colonies and on how to start colonies 
in captivity. These will be very useful 
to anyone who wishes to study the 
behavior of these insects. The other 
two appendixes, by I. H. H. Yarrow of 
the British Museum (Natural History) 
will be of no interest to most Amer- 
ican readers, because they contain 
keys to the British bumblebees and dis- 
tributional notes on the British species. 

Free and Butler are to be congrat- 
ulated for this admirable compilation 
of the life history and behavior of 
bumblebees; the compilation is based 
on their own observations, as well as on 
the voluminous scientific literature de- 
voted to these fascinating insects. Bum- 
blebees are of more than ordinary in- 
terest because they belong to one of the 
few groups of insects which have 
evolved a social life. The enjoyable 
text is enhanced by Butler’s excellent 
black-and-white photographs showing 
some of the details of life history and 
flower visits. The book is a worthy 
companion to Butler’s earlier book in 
the same series, The World of the 
Honeybee. 

KaRL V. KROMBEIN 
Entomology Research Division, 
U.S. Department of Agriculture 


New Books 


Germany Rejoins the Powers. Mass 
opinion, interest groups, and elites in con- 
temporary German foreign policy. Karl 
W. Deutsch and Lewis J. Edinger. Stan- 
ford Univ. Press, Stanford, Calif., 1959. 
336 pp. $6.50. 

A Handbook for Dissectors. J. C. Boil- 
eau Grant. Williams & Wilkins, Baltimore, 
Md., ed. 5, 1959. 455 pp. $5. 

Industrial Gums. Polysaccharides and 
their derivatives. Roy L. Whistler, Ed. 
Academic Press, New York, 1959. 777 pp. 
$25. Each chapter describes a specific gum. 
This description includes source, constancy 
of supply and composition, cost and cost 
variation, chemical structure and reactions, 
history, uses, derivatives and their uses, 
and physical properties, including those of 
its solutions, gels, and films. 

Introduction to the Theory of Quan- 
tized Fields. N. N. Bogoliubov and D. V. 
Shirkov. Authorized English edition, re- 
vised and enlarged by the authors. Trans- 
lated from the Russian by G. M. Volkoff. 
Interscience, New York, 1959. 736 pp. 
$17. 

Introductory Nuclear Theory. L. R. B. 
Elton. Interscience, New York, 1959. 297 
pp. $6.40. 








Life and the Universe. Archibald CG. 
Huntsman. Univ. of Toronto Press, 
Toronto, Canada, 1959. 122 pp. $3. 


Metamorphosis. On the development of 
affect, perception, attention, and memory. 
Basic Books, New York, 1959. 352 pp. $6. 

Nuclear Electronics. Proceedings of the 
international symposium on nuclear elec- 
tronics organized by the French Society of 
Radioelectricians. International Atomic 
Energy Agency, Vienna, Austria, 1959 
(order from International Publications, 
801 Third Ave., New York). 464 pp. $4. 

Numerical Methods for Nuclear Reactor 
Calculations. Gurii Ivanovich Marchuk. 
Translated from Russian. Consultants Bu- 
reau, New York, 1959. 295 pp. $60. 

Reflexes to Intelligence. A reader in 
clinical psychology. Samuel J. Beck and 
Herman B. Molish. Free Press, Glencoe, 
Ill., 1959. 683 pp. $8.50. 


Reprints 


Albert Einstein: Philosopher-Scientist. 
vols. 1 and 2. Paul Arthur Schlipp. Har- 
per, New York, 1959 (reprint of ed. 1, 
Tudor, 1949 and 1951). 781 pp. $1.95 
each. 

Ancient Science and Modern Civiliza- 
tion. George Sarton. Harper, New York, 
1959 (reprint of ed. 1, Univ. of Nebraska 
Press, 1954). 111 pp. $0.95 This book 
reproduces in full the text of the three 
Montgomery lectures given by Sarton at 
the University of Nebraska in 1954. Titles 
of the lectures are “Euclid and his time,” 
“Ptolemy and his time,” and “The end 
of Greek science and culture.” 

Beyond Psychology. Otto Rank. Dover, 
New York, 1959 (reprint of ed. 1, 1941). 
291 pp. $1.75. 

New Pathways in Science. Sir Arthur 
Eddington. Univ. of Michigan Press, Ann 
Arbor, 1959 (reprint of ed. 1, Cambridge 
Univ. Press, 1934). 333 pp. $1.95. The 
Messenger lectures which Eddington de- 
livered at Cornell University in 1934 are 
contained in this volume. Chapters 2 and 
8 have been added; the other chapters 
correspond to the 12 lectures. 

Out of the Sky. An introduction to 
meteoritics. H. H. Nininger. Dover, New 
York, 1959 (reprint of ed. 1, 1952). 356 
pp. $1.85. Nininger, director of the Amer- 
ican Meteorite Museum, describes famous 
meteorite landings and craters, and tells 
how to locate, identify, and preserve a 
meteorite that survives its fall through 
the atmosphere. 

Science Since 1500. H. T. Pledge. Har- 
per, New York, 1959 (reprint of ed. 1, 
Her Britannic Majesty’s Stationery Office, 
London, 1939). 357 pp. $1.85. This short 
history of mathematics, physics, chem- 
istry, and biology was described by A. R. 
Hall as “still the outstanding one-volume 
handbook for the history of science dur- 
ing the last four centuries. . . . For this 
period Mr. Pledge’s book provides an 
encyclopedic wealth of information and 
ideas such as can be found nowhere else.” 
Thomas S. Kuhn calls it “the most useful 
one-volume reference work in English for 
the general technical history of post-New- 
tonian science.” 
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Measurement of Human Heart 
Rate during Usual Activity 


Abstract. A small, rugged, self-con- 
tained cumulative heart-beat counter has 
a transistorized amplifier, a watch move- 
ment made into a counter, and a battery. 
The counter is activated by each R-wave 
of the electrocardiographic complex ob- 
tained from newly designed precordial 
electrodes. Heart beats can be counted for 
as long as 24 hours. 


The human pulse rate is usually ex- 
pressed as the number of heart beats 
per minute. The normal rate varies 
from less than 50 to more than 120 per 
minute, depending on many factors, 
one of which may be the act of taking 
the pulse. Pulse rates for longer than a 
few minutes have been obtained with 
the electrocardiograph, but the equip- 
ment is bulky and the activity of the 
tested individual is limited. Quantitative 
data on heart rate in beats per many 
minutes to many hours during various 
kinds of activity and work are not avail- 
able. 

In cooperation with engineers of the 
Illinois Bell Telephone Co. (L. Harring- 
ton, W. B. McCreary, L. J. Murphy, 
and L. Ryan) we have developed a 
small, rugged, self-contained “pulse 
counter” capable of totaling heart beats 
over periods ranging from a few min- 
utes to more than 24 hours (/). The 
counter is packaged as a single unit 
containing an amplifier, cumulative 
counter, and power source. It measures 
9.0 by 7.0 by 1.5 cm and weighs 100 
gm. The instrument is connected by a 
flexible cable to precordial electrodes 
(Fig. 1). 





Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. 

Type manuscripts double-spaced and submit one 
ribbon copy and one carbon copy. 

Limit the report proper to the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
1-column illustrations, which may consist of two 
figures or two tables or one of each. 

For further details see “Suggestions to Contrib- 
utors” [Science 125, 16 (1957)]. 
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Reports 


The R-wave of the electrocardio- 
graphic complex is selectively amplified 
by 5 R-C coupled transistor stages. 
Each pulse of output current (10 ma) 
activates an electromagnet (100 ohms) 
which attracts a spring-loaded armature. 
Each excursion of the armature dis- 
places a modified pallet fork which re- 
leases one tooth of the escapement gear 
of a spring-wound watch movement. In 
this way the R-wave is recorded on the 
watch face as ¥% of a second. The mod- 
ified watch movement with a conven- 
tional 12-hour dial, operating as a cu- 
mulative counter, can record up to 
216,000 heart beats occurring at rates 
from less than 40 to more than 150 per 
minute. A pen-light battery supplies 
sufficient current to operate the pulse 
counter for more than 24 hours. 

The electrodes must conform to rather 
strict specifications if a signal free of 
distortion is to be obtained during stren- 
uous activity or for long periods of time, 
or both. Conductive contact between 
skin and a lead wire is made by a cyl- 
inder of electrode jelly contained in a 
soft rubber well 0.5 cm deep. The lead 
wire supported by the rubber well is 





held 0.25 cm from the skin surface, 
preventing direct contact between skin 
and the lead wire (see upper electrode, 
Fig. 1). A circular sheet of fine-mesh 
cotton gauze is cemented to the base of 
the well, providing a large area for fix- 
ing the electrode to skin. The gauze 
base is dipped in dilute rubber cement 
and allowed to dry completely. The skin 
site for the electrodes is cleaned, treated 
with aluminum chlorohydroxide to limit 
perspiration, and covered with a thin 
film of liquid latex surgical adhesive 
which is allowed to dry. The rubberized 
gauze base of the electrode is pressed 
onto the prepared site, producing an 
immediate firm bond. The well is then 
filled with electrode jelly and capped 
with a disk of pliable plastic (see lower 
electrode, Fig. 1). 

The flexible gauze base allows free 
skin movement, and the electrodes re- 
main firmly attached for as long as 72 
hours. The electrodes can be detached 
easily with ether. The lead wires of the 
electrodes are connected to the counter 
by a thin flexible cable 35 cm long. The 
counter is carried in a shirt or blouse 
pocket. During the first few hours after 
application of the electrodes, contact 
resistance decreases, altering the effec- 
tive input voltage to the low-impedance 
amplifier (3000 to 5000 ohms). A gain 
control in the amplifier compensates for 
this change. 

In order to measure the accuracy of 
the pulse counter, a second means for 
counting heart beats simultaneously 


with the pulse counter was needed. By 
using the precordial electrodes described 
above with a direct-writing recorder, 
electrocardiograms 


with stable base 








Fig. 1. Pulse counter and precordial electrodes. The upper electrode well is empty and 
shows the lead wire. The lower electrode well is filled with electrode jelly and capped. 


SCIENCE VOL. 130 





lines 
the 

addi 
was 
wire 
graf 
troc 
300 
coul 
utes 
lying 
mail 
ing | 
one 
diog 
8- ti 
betv 
troc 
fron 
1.3 

puls 
beat 
a tes 
cent 
coul 
fore 
beer 
on ¢ 
all t 
mar 
puls 
simi 
wor 


24-1 
puls 
kep' 
inte: 
thre 
abo 
000. 
fror 
asle 
Ave 
hou 
70 1 
ditic 
duri 
tain 


the 

and 
par 
fere 
usu 
cou 
inte 
frec 
reas 
Vea 
uals 
user 
rate 
cal 


De 


Ch 
16. 





ce, 
cin 


>sh 


ent 
kin 
ted 
mit 
hin 
‘ive 
zed 
sed 


hen 
ped 
wer 


free 
Te- 


hed 
the 
nter 
The 
yuse 
fter 
tact 
Tec- 
ince 
gain 
for 


y of 

for 
usly 
_ By 
ibed 
‘der, 
base 


y and 
pped. 








lines could be obtained. For checking 
the accuracy of the pulse counter, an 
additional set of precordial electrodes 
was applied and connected by long lead 
wires to a direct-writing electrocardio- 
graph. The R-wave counts on the elec- 
trocardiogram have been compared with 
3000 heart beats recorded by the pulse 
counter. Check periods include 15 min- 
utes of vigorous exercise, 15 minutes 
lying in various positions, and the re- 
maining time sitting and walking. Dur- 
ing three consecutive 24-hour counts on 
one of us (D.A.R.), check electrocar- 
diograms were obtained eight times at 
8- to 12-hour intervals. The differences 
between pulse counter counts and elec- 
trocardiogram R-wave counts ranged 
from 0.1 to 3.8 percent with a mean of 
1.3 percent. (The error in reading the 
pulse counter dial is up to +5 heart 
beats at the beginning and at the end of 
a test period. A difference up to 0.3 per- 
cent between the two methods for 
counting 3000 heart beats could, there- 
fore, be expected.) Similar results have 
been obtained during 24-hour counts 
on one other man and on two women, 
all between the ages 32 and 36. During 
many additional check periods, the 
pulse counter has functioned with a 
similar degree of accuracy in men and 
women in other age groups. 

When the pulse counter was used for 
24-hour counts, a log of standard time, 
pulse counter time, and activity was 
kept, with entries made at about hourly 
intervals during waking hours. The 
three consecutive 24-hour counts noted 
above were 117,000, 115,000 and 122.,- 
000. Average minute rates calculated 
from the logs were 65, 68, and 66 while 
asleep and 88, 91 and 92 while awake. 
Average minute rates calculated from 
hourly counts while awake ranged from 
70 to 110. By keeping a log, much ad- 
ditional information about pulse rates 
during different activities can be ob- 
tained. 

In our studies we are concerned with 
the effect of factors such as age, sex, 
and occupation on pulse rates of ap- 
parently healthy people in whom dif- 
ferences in minute rates obtained by the 
usual means are probably small. A pulse 
count per 24 hours of usual activity, 
integrating the amplitude, duration, and 
frequency of variations in rate over a 
reasonable physiological cycle, may re- 
veal larger differences among individ- 
uals. The pulse counter may also be 
used for other measurements of heart 
tate—for example, during work, physi- 
cal training, disease, or therapy. 

DoNnaLD A. ROWLEY 
SEYMOUR GLAGOV 
PETER STONER 
Department of Pathology, 
University of Chicago, 
Chicago, Illinois 
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Note 


1. This investigation was aided in part by a 
grant from the Chicago Heart Association; 
the work by Seymour Glagov was done dur- 
ing the tenure of a research fellowship of the 
American Heart Association. 
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Vitamin-A Content of the Frog Eye 
during Light and Dark Adaptation 


Abstract. Rhodopsin is synthesized from 
11-cis retinene (vitamin A aldehyde), but 
releases all-trans retinene when bleached 
by light. In the frog, both isomers of vita- 
min A are stored in the eye. Total ocular 
vitamin A, including that bound as retinene 
in rhodopsin, remains constant during light 
and dark adaptation. Stores of 11-cis vita- 
min A, however, diminish in the light and 
are replenished in darkness. 


The bleaching and synthesis of rho- 
dopsin involve a cycle of stereoisomeri- 
zation of retinene (vitamin A aldehyde). 
Rhodopsin is synthesized from 1 |1-cis 
(neo-b) retinene, but releases all-trans 
retinene when bleached by light. Each 
of these isomers is reduced reversibly 
by alcohol dehydrogenase and diphos- 
phopyridine nucleotide to the corre- 
sponding isomer of vitamin A (/). 

Vitamin A is stored in the retina and 
pigment layers (pigment epithelium and 
choroid) of the eye, and may thence 
exchange via the blood with stores in 
other tissues (2). However, ocular vita- 
min A is not in equilibrium with other 
stores. For example, in cattle up to 65 
percent of the vitamin A in the eye may 
have the I11-cis configuration (3), 
whereas this isomer has not been found 
in other tissues (4). 

Several years ago, Wald showed that 
in frogs the bulk of the vitamin A 
released upon bleaching rhodopsin, 
leaves the retina during light adaptation, 
and re-enters during dark adaptation to 
re-form rhodopsin (2). However, he did 
not decide whether the vitamin A leaves 
the eye altogether, or is merely trans- 
ferred from the retina to the pigment 
layers. 

Table 1 shows that Rana pipiens has 
more vitamin A in its eye (retina and 
pigment layers) when light adapted than 
when dark adapted. However, if one 
includes the retinene bound in rhodop- 
sin, the total remains essentially con- 
stant in light and darkness. It seems, 
therefore, that during light adaptation 
there is a flow of vitamin A from retina 
to pigment layers, which is reversed 
during dark adaptation (4a). This proc- 
ess is no doubt facilitated by the close 
anatomical contact between these tis- 
sues (see 5). 

The proportion of 1l-cis vitamin A 
fluctuates in light and darkness as 
shown in Table 2. In the light, about 





10 percent of the vitamin A has the 11- 
cis configuration, but the concentration 
increases to about 25 percent during 6 
hours of dark adaptation. 

Taken together, Tables 1 and 2 show 
that the frogs of group A, which con- 
tained about 1.7 wg of vitamin A per 
eye, stored about 0.17 pg (that is, 10 
percent) as the 11-cis isomer when light 
adapted. After 6 hours of dark adap- 
tation, however, the eye contained about 
0.94 wg of the 11-cis isomer: 0.24 pg 
(24 percent of 1 pg) as 11-cis vitamin 
A, and 0.7 »g bound in rhodopsin. Dur- 
ing this period in darkness, therefore, 
0.7 to 0.8 wg per eye, or about half the 
vitamin A, was isomerized to the 11-cis 
configuration. Similar computations for 
the frogs of group B show that during 
the dark period about 0.9 pg of vita- 
min A per eye—about one-third of the 
total—was isomerized to 11-cis. 

The percentage of stored 11-cis vita- 
min A begins to rise after about 314 
hours of dark adaptation, which is 
roughly the time it takes for rhodopsin 


Table 1. Vitamin A content of the frog eye (R. 
pipiens) following light or dark adaptation in 
vivo. Temperature 22° to 23°C. In each experi- 
ment, three frogs were either light adapted 1 hour 
in a white pan, illuminated with two 75-watt 
lamps with reflectors, or dark adapted 6 hours. 
Following light adaptation, the eyes contained 
no detectable rhodopsin; after dark adaptation, 
their rhodopsin content was maximal. The 
retina and pigment layers were dissected and 
extracted together. Dark-adapted eyes were dis- 
sected in dim red light, light-adapted eyes in 
diffuse room light. To determine free vitamin A, 
tissues were ground with anhydrous sodium sul- 
fate and extracted with petroleum ether. Rho- 
dopsin was determined as follows: the tissues 
were ground with anhydrous sodium sulfate 
under red light, and vitamin A was extracted as 
above. The powder was then bleached in white 
light to convert rhodopsin to retinene and opsin, 
and retinene was extracted with acetone contain- 
ing 0.5 percent water. All extracts were trans- 
ferred to chloroform, and vitamin A and retinene 
were determined by the antimony chloride reac- 
tion. Experiments were performed with two 
groups of frogs (A and B), which differed as 
shown. 





Vitamin A (ug per eye) 





Exp. 





Bound in 
Free rhodopsin Total 
Group A: dark adapted 
1 iz Not measured 
2 1.1 Not measured 
3 1.0 0.7 1.7 
Group A: light adapted 
3 1.8 Negligible 1.8 
4 1.7 Negligible 5 By 
Group B: dark adapted 
2 1.9 Not measured 
3 2.6 0.7 3.3 
4 1.9 0.7 2.6 
Group B: light adapted 
1 2.8 Negligible 2.8 
3 3.25 Negligible 3.25 
4 2.6 Negligible 2.6 








synthesis to be completed in frogs at 
this temperature (6). Most of the 11- 
cis vitamin A therefore accumulates 
only after the opsin in the rods has been 
converted to rhodopsin. 

The 11-cis isomer of retinene or vita- 
min A is formed from the all-trans 
isomer, probably exclusively in the eye 
(4). The present experiments show that 
in the frog this isomerization occurs in 
the dark. The same mechanism pre- 
sumably operates in the light. However, 
in darkness the 11-cis isomer is initially 
used for rhodopsin synthesis up to the 
limit set by the opsin content of the 
eye (about 0.7 yg equivalent of vitamin 
A in these animals), and then an excess 
is stored as 11-cis vitamin A. In the 
light, on the other hand, rhodopsin 
bleaches, yielding all-trans retinene, 
whereas 11-cis retinene is continuously 
used for its resynthesis. This, in effect, 
constitutes a mechanism for converting 
11-cis to all-trans retinene. The ocular 
content of 11-cis vitamin A is therefore 
depleted in the light, and replenished in 
darkness. 

A specific enzyme concerned with 
isomerizing retinene—retinene isomer- 
ase—has been identified in the eyes of 
cattle and frogs (7). It does not act 
directly on vitamin A. In the dark, it 
catalyzes the isomerization of all-trans 
or ll-cis retinene to an equilibrium 
mixture containing both isomers in the 
approximate proportion 95:5. Light 
displaces the equilibrium in favor of the 
11-cis isomer, but this probably does not 
occur in vivo for reasons which have 
been discussed elsewhere (7, 8). 

The proportion of 11-cis vitamin A 
stored in the dark-adapted eye far ex- 
ceeds what one would expect from the 
“dark” equilibrium catalyzed by retinene 
isomerase. If this is the enzyme in- 
volved, special mechanisms must be 
present for trapping or otherwise sta- 
bilizing the 11-cis isomer. Such trapping 
could involve the binding of 11-cis vita- 


Table 2. Percentage of 11-cis vitamin A in eyes 
of frogs (groups A and B), dark or light adapted 
as described in Table 1. Free vitamin A was 
extracted as has been described, and the percent- 
age of 11-cis vitamin A was determined by iso- 
merization with iodine in the dark (77), or upon 
illumination (3). The percentage of 11-cis vita- 
min A in the light-adapted animals represents a 
steady state value, which is not changed appre- 
ciably by prolonging the light adaptation. 





Percentage of 11-cis vitamin A 





Exp. ———— 
Dark adapted Light adapted 

A-1 19 145 

A-2 27 7 

B-3 27.5 12 

B-4 23 8 


Av. 24 10 
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min A by specific proteins, or its selec- 
tive esterification (see 3, 9). There is as 
yet no evidence that either process op- 
erates in the eye. Indeed, it is entirely 
possible that additional pathways exist 
for isomerizing all-trans vitamin A or 
retinene to the 11-cis configuration 
(10). 
RUTH HUBBARD 

ARTHUR D, COLMAN 
Biological Laboratories of Harvard 
University, Cambridge, Massachusetts 
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North-South Asymmetry 
of the Earth’s Figure 


O’Keefe, Eckels, and Squires (/) have 
reported that a periodic variation of the 
eccentricity of the orbit of Vanguard 
satellite 19588,, which coincided in 
period with the revolution of the line of 
apsides, indicates a third zonal harmonic 
in the geoid—that is, a north-south asym- 
metry in the earth’s figure; the Northern 
Hemisphere has a longer axial semi- 
diameter but a smaller mid-latitudinal 
semidiameter than the Southern Hemi- 
sphere—that is, the earth is slightly 
pear-shaped. Earlier, King-Hele and 
Merson (2) had suggested that a north- 
south asymmetry might explain per- 
turbations observed in the orbit of sput- 
nik 2. O’Keefe et al. conclude that the 
asymmetry “indicates a very substantial 
load on the surface of the earth” and 
further that it is contrary to the view of 
Heiskanen and Vening Meinesz (3), 
and of geodesists generally, that the 
earth’s gravitational field is very nearly 
that of a fluid in equilibrium. 





Neither of these conclusions neces- 
sarily follows from the new figure, 
which can be reconciled with the Heis- 
kanen and Vening Meinesz concept if 
it is assumed that the mean density of 
the mantle in the Southern Hemisphere 
is a little less than that in the Northern. 
Such a density variation is consistent 
with recent tectonic hypotheses based 
on an expanding earth (4, 5). 

In an analysis of the first-order defor- 
mations of the earth’s surface, I have 
concluded that, contrary to the com- 
monly accepted hypothesis of contrac- 
tion, the earth is an expanding body, 
that it has been expanding since before 
the Cambrian period, that the rate of 
expansion has been increasing with 
time, that since the beginning of the 
Mesozoic era the Southern Hemisphere 
has expanded substantially more than 
the Northern Hemisphere, and finally 
that the rotational consequences of the 
differential expansion have resulted in 
a first-order shear system between the 
Northern and Southern Hemispheres 
which has determined the pattern of 
post-Palaeozoic orogenesis. 

According to the expanding earth hy- 
pothesis, less dense mantle and a geoid 
surface above the theoretical spheroid 
might be expected in areas of post- 
Palaeozoic orogenesis and below “new” 
oceans (Arctic, Atlantic and Indian 
oceans, the Mediterranean Sea, and the 
Pacific Ocean west of the Andesite line), 
and a geoid depressed below the sphe- 
roid and regionally denser mantle might 
be expected under the older continental 
blocks and the older oceanic segments 
(about half of the present Pacific 
Ocean). Taken collectively, these large 
areas of one-sign anomaly would pro- 
duce a geoid which would be pear- 
shaped when generalized to the third 
zonal harmonic. They would also pro- 
duce the semblance of triaxiality which 
has been found empirically by many 


MALASPINA 
GLACIER 





Fig. 1. Fold pattern of the Malaspina 
Glacier in plan (width of lobe, 25 km). 


SCIENCE, VOL. 130 





geo 
fror 
be i 
wou 
ord 
autl 
deri 
rota 
mui 





>nt 
ed 


res 


oid 
‘oid 
ost- 
OW 
lian 
the 
1e), 
vhe- 
ight 
ntal 
ents 
cific 
arge 
pro- 
ear- 
hird 
pro- 
hich 
lany 





spina 
km). 


L. 130 









“N\A N 
Slee \s\ AN tp, ~ 
ORFS ie. ie em | we 
Pe To | ( ae PP ¥: 
-~ ak bh ae 







Structures 


cals 


v4 I I 
rere 7 ie) 
er Nh BAPE op 


lf 
penne Y 
SA) 2 Z 
: wo 


\ 





FN 


Fig. 2. Fold pattern of asymmetric orogen in cross section. 


geodesists. These departures of the geoid 
from a rotational spheroid would still 
be in approximate fluid equilibrium and 
would not imply crustal loads of the 
order claimed by O’Keefe and his co- 
authors. They would cause a polar wan- 
dering with rheid adjustment until the 
rotation axis coincided with the maxi- 
mum inertia axis. This also clears up 
the conflict reported by Munk (6) who 
found that, in the absence of such asym- 
metries, the pole should have migrated 
to Hawaii and, on accepted values for 
viscosity, should have arrived there 
within 10° years, whereas the palaeo- 
magnetic data indicate that the pole has 
been moving slowly in the opposite 
direction and has not been far from its 
present position since the early Tertiary. 

Crustal contraction has been axio- 
matic for so long that an expanding 
earth is still liable to rejection as ir- 
responsible heresy. Originally the hy- 
pothesis of earth contraction stemmed 
from the idea of a cooling earth. Al- 
though this basis has long since been 
removed, and more recently reversed 
(7), geologists have still clung to con- 
traction because of the false notion that 
the folding so universally observed in 
tocks necessarily indicates crustal short- 
ening, even though I showed (8, p. 93) 
that complex folds of the type found in 
the hearts of orogens do not necessarily 
imply shortening. More recently (4, 5) 
I have pointed out that at all but those 
shallow zones where the overburden 
load is less than the unconfined com- 
pressive strength, crustal extension yields 
a triaxial stress ellipsoid with all stresses 
positive, an environment which may 
produce boudins and tectonite fabrics 
and conjugate shears typical of orogenic 
zones, and further that even megastruc- 
tures such as the orogens themselves do 
not necessarily imply crustal shortening. 
Figure 1 shows the fold pattern of the 
Malaspina Glacier, traced directly from 
Sharp (9), and Fig. 2 shows a typical 
cross-section of an asymmetric orogen 
such as the Alps, with a steep root zone 


16 OCTOBER 1959 


and recumbent folds and nappes, with 
immense horizontal transport. However, 
Fig. 2 is drawn from Fig. 1 simply by 
up-ending it and reducing the ratio of 
the vertical and horizontal scales to 
simulate the flattening effect of gravity. 
Both the Malaspina Glacier in plan and 
the Alpine orogen in section exhibit 
similar features of fold and overthrust 
patterns, and in both the deformed ma- 
terial has developed complex tectonite 
fabrics, but whereas the lobe of the 
Malaspina Glacier has visibly increased 
in width tenfold during the generation 
of the folds, the Alpine orogen is imag- 
ined to have been reduced in width by 
a comparable order! 

S. WARREN CAREY 
University of Tasmania, Hobart 
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The hypothesis of fluid equilibrium 
does not seem to be consistent with 
Carey’s suggestion that the density in 
the mantle in the Southern Hemisphere 
is less than that in the Northern. 

Since the density varies with depth, 
the two hemispheres can be compared 
only at corresponding depths—that is, 
on corresponding geopotential surfaces. 
But the condition of fluid equilibrium 
demands that the density on a given 
geopotential surface be constant. If it 
is not, then the pressure, which is the 


weight of the overlying mass, will be 
greater in those regions where the den- 
sity is greater. This will cause the heavier 
fluid to move out laterally and under- 
run the lighter fluid everywhere, until 
perfect stratification is brought about. 

Heiskanen and Vening Meinesz point 
this out, remarking on the subject of 
fluid equilibrium: 

“The condition to be fulfilled is that 
all equipotential surfaces be at the same 
time surfaces of equal density” (/). 

Jeffreys makes the same point (2). 
The result is very well established. It is 
impossible to have hydrostatic equilibri- 
um at the same time that the density is 
less at a given depth in the Northern 
Hemisphere than in the Southern Hem- 
isphere. 

JOHN A. O'KEEFE 
Goddard Space Flight Center, National 
Aeronautics and Space Administration, 
Silver Spring, Maryland 
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Instatement of Stuttering in 
Normally Fluent Individuals 
through Operant Procedures 


Abstract. Normally fluent subjects were 
required to read from printed pages, and 
a recording was made of nonfluencies until 
a stable rate was established. A persistent 
shock was then introduced. Its cessation 
for a limited period was made contingent 
upon nonfluency. Chronic stuttering was 
instated and eliminated as a function of 
the change in stimulus. 


In operant conditioning, the response 
is brought under stimulus control 
through the arrangement of conse- 
quences explicitly contingent upon the 
response (/). In a previous study, stut- 
tering responses by chronic stutterers 
from a speech clinic were brought under 
stimulus control to a considerable ex- 
tent by this procedure (2). When each 
stuttering response was followed by 
noxious stimuli, stuttering was attenu- 
ated, and when, with the same subjects, 
each stuttering response temporarily 
eliminated these stimuli, the stuttering 
rate rose. 

Stuttering has often been considered 
an emotional blocking; it can, however, 
be regarded as a unit of verbal be- 
havior (3); that is, breaks, pauses, 
repetitions, and other nonfluencies can 
be considered operant responses, hav- 
ing in common with other operants the 
characteristic of being controllable by 
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Table 1. 


Response slope for results reported by subject and experimenter, expressed in degrees. 





Base line period 


Escape period 


Extinction period 








Reporter 
1 2 3 1 2 3 1 2 3 4 
Session 1 
Subject 4 12 9 28 32 30 18 16 12 
Experimenter 4 10 8 26 31 ut 20 13 14 
Session 2 
Subject 12 14 16 55 52 52 55 49 30 19 
Experimenter 12 10 13 51 50 50 52 41 27 15 





ensuing consequences. For the chronic 
stutterer, such nonfluencies may have 
been immediately followed by conse- 
quences which did not occur in con- 
nection with regular speech, thereby 
becoming isolated as response units. 
Some consequences, such as attention 
on the part of the listener, noninterrup- 
tion, and the like, may increase the 
likelihood of occurrence—that is, may 
be reinforcing. If stuttering can develop 
in the manner indicated, then it should 
be possible to turn nonfluencies of nor- 
mal subjects into chronic stuttering. 

In the experiment previously re- 
ported, speech therapists defined mo- 
ments of stuttering. In the experiment 
discussed here, the subject was trained 
prior to the experiment to press a 
microswitch with each nonfiuency. 
Training continued until the experi- 
menter considered the subject’s re- 
sponses valid. The instructions for this 
training, plus the instruction to read, 
the warning that there might be occa- 
sional shocks, and the advice that the 
subject could stop the experiment, con- 
stituted the experimenter’s only com- 
munication with the subject. All record- 
ings and scheduling involved automatic 
electrical equipment. Tape recordings 


SESSION I 


|- 


’ sw 
TIME IN MINUTES 


/——- OPERANT BASELINE 


>be 


were kept of the readings. Stuttering 
was operationally defined as any hesita- 
tion, stoppage, repetition, or prolonga- 
tion in the rhythmic flow of vocal 
behavior. 

The subject sat in a small room and 
read from printed pages. When the 
cumulative recorder depicted a smooth 
base line—that is, indicated regularity 
of response rate—conditions were 
changed. An electric shock (24 v, direct 
current) was pulsed at the rate of ten 
shocks per second into a 5:1 trans- 
former with 2000-ohm resistance, con- 
nected to the secondary circuit; the 
room lights simultaneously flickered at 
the same rate. Each pressing of the 
microswitch by the subject turned off 
the shock and eliminated the flicker for 
10 seconds. The subject could thus 
completely eliminate both, by respond- 
ing at 10-second or shorter intervals. 

Responses by one subject are re- 
corded in Fig. 1. In the first session, 
during ordinary reading, nonfluent re- 
sponses occurred at a fairly regular 
rate, as depicted in the low slope of the 
base-line period. At point A,, the shock- 
flicker period began, each marker indi- 
cating onset of shock and flicker. The 
curve shows an increase in nonfluencies, 


er RECORDING 
PEN RESET 


SHOCK 





ESCAPE 


3 exncrion ——__——»] 
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SHOCK I 
OPERANT BASELINE ESCAPE 
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EXTINCTION 





Fig. 1. 


Instatement Ries elimination of sini responses in a normally fluent individ- 


ual through control of response-contingent consequences. 
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leading to less frequent shock, as shown 
by less frequent markers. At point B,, 
extinction began. The shock-flicker was 
disconnected, and the response rate 
dropped toward its base-line value. 

In the second session, 2 days later, 
the slope of the base-line period was 
similar to that of the preceding session. 
At point A,, the shock-flicker condi- 
tion was reintroduced. Upon presenta- 
tion of the first shock, the response rate 
rose so markedly that only one further 
shock, indicated by S,, occurred during 
the entire period, when the response 
rate started to fall. At point B,, the 
shock apparatus was _ disconnected. 
Since nonoccurrence of shock while the 
apparatus is connected results in a high 
rate of response, this rate of response 
is maintained when the apparatus is 
disconnected. Eventually, some slacken- 
ing of response rate occurs, and since 
the consequences of a high rate of non- 
fluencies no longer differ from the con- 
sequences of a low rate, the response 
rate returns to base level. 

A validity check of the subject’s re- 
ports of stuttering was made independ- 
ently from a tape recording, by a speech 
therapist who pressed a microswitch 
connected to the cumulative recorder 
at each response he defined as stutter- 
ing. Each test period was divided into 
three equal periods (except for the ex- 
tinction period on the second day, 
which was divided into four parts), 
and slopes for the responses reported 
by the experimenter and by the subject 
were plotted and compared. The results 
are presented in Table 1, which indi- 
cates similar ordinal relationships. 

The subject’s speech outside the 
booth was normal. In a third trial, a 
week later, stuttering was controlled by 
the flickering light, without shock, and 
the sessions were discontinued for ob- 
vious reasons. 

When questioned after the sessions, 
the subject of Fig. 1 reported that he 
had stuttered a great deal but ascribed 
this to his anxiety over his inability to 
read simple passages. He reported dis- 
liking the shock but said it was irrele- 
vant to his behavior in the booth. 

A second subject responded in the 
same way but did not return. A third 
subject did not initially show the same 
effect, but a change in procedure 
brought his stuttering responses under 
stimulus control: When the light was 
steady, there was no shock, but when 
the light flickered, a shock was occa- 
sionally presented. Response shut off 
the flicker for 10 seconds, after which 
it reappeared. The response rate rose 
rapidly, and periods of _ flickering 
dropped from 131 during the first 20 
minutes to 3 for the next 12 minutes, 
when the session was terminated. A 
fourth subject exhibited nonfluencies so 
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rarely that conditioning could not be 
established during the session. 

None of the subjects in these tests 
reported a history of any previous 
speech difficulties, and their nonfluen- 
cies outside the laboratory are of the 
type that occur in normal speech. 

BRUCE FLANAGAN 
ISRAEL GOLDIAMOND 
NATHAN H. AZRIN * 
Perception and Conditioning 
Laboratory, Southern Illinois 
University, Carbondale 
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Effects on Palate Development of 
Mechanical Interference with the 
Fetal Environment 


Abstract. Operations employing various 
combinations of amniotic fluid withdrawal 
and release of the embryo from enveloping 
membranes were performed just prior to 
the time of normal palate closure. Obser- 
vations on subsequent palate development 
led to the hypothesis that fetal membranes 
can compress the fetus and cause cleft 
palate when pressure in the amniotic sac 
is reduced. 


Puncturing the amniotic sac with a 
hypodermic needle just prior to closure 
of the secondary palate can cause cleft 
palate in fetal mice (J). To explain this 
effect, it has been suggested that amni- 
otic fluid leaks out and hydrostatic pres- 
sure in the amniotic cavity is reduced, 
the uterus thus being allowed to com- 
press the fetus. The fetus’ head would 


Table 1. Pooled results for fetuses treated at 
13% and 1414 days postconception and col- 
lected at 1814 days. 





No. of fetuses with 


No. of 
Treatment Normal Cleft Been d 
palate palate 





Amniotic fluid 

withdrawn 24 23 104 
Fluid withdrawn + 

release from 


uterus 34 18 89 
Release from uterus 37 0 51 
Release from all 

membranes 3 0 37 
Control (to release 

from uterus) 13 2 29 
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then be pressed against its chest, the 
lower jaw and tongue being forced up 
toward the nasal septum. Since the pala- 
tine shelves have to force the tongue 
away from the nasal septum before 
they can come together and fuse (2), 
pressure on the tongue from below 
could prevent normal palate closure (/). 

To test this hypothesis of uterine 
compression, several modifications of 
the amniotic sac puncture experiment 
have been tried (3). Thirty-four preg- 
nant mice of heterogeneous origin were 
treated 13%4 days  postconception, 
and 25 were treated 141% days post- 
conception. The treatment consisted of 
exposing the uterus by an abdominal 
incision under ether anesthesia and sub- 
jecting all the embryos of one uterine 
horn to one of the following manipu- 
lations: (i) withdrawal of amniotic 
fluid; (ii) withdrawal of amniotic fluid 
and release of the embryo (with its 
amnion-yolk sac) by slitting the uterus 
lengthwise; (iii) release of the embryo 
from the uterus without removing any 
amniotic fluid; (iv) release of the em- 
bryo from both the uterus and amnion- 
yolk sac membranes. The other horn 
was left untouched or else was subjected 
to a manipulation other than the one 
used on the first horn. Amniotic fluid 
was removed with a No. 25 or No. 27 
needle (these gave the same results, 
qualitatively) on a microsyringe, and 
the quantity withdrawn was approxi- 
mately 1/50 ml (although the total loss 
varied because of leakage through the 
puncture hole). The females were re- 
opened at 18% days, the condition of 
the fetuses was recorded, and the living 
fetuses within their membranes were 
transferred to Bouin’s fixative. 

The results are shown in Table 1. 
Release from the uterus obviously does 
not protect the fetus from developing a 
cleft palate. However, the cleft palates 
that develop in released fetuses are still 
dependent on loss of amniotic fluid, 
since the control fetuses released from 
the uterus did not develop clefts. Per- 
haps the amnion-yolk sac membranes 
can exert sufficient pressure to account 
for the cleft palates that developed in 
the released, amniotic fluid-deficient 
fetuses. Release of fetuses from both 
the uterus and fetal membranes would 
have provided a good test of this possi- 
bility, but the resorption rate was so 
high following this radical procedure 
that not enough fetuses could be col- 
lected to provide a reliable answer 
(Table 1). 

To investigate further the cause of 
clefts in the released, fluid-deficient fe- 
tuses, 20 females were treated at 13% 
days, and 64 living fetuses were col- 
lected at 14% or 15% days, post- 
conception. It had been observed for 
fetuses collected at 18% days that 


those subjected to a decrease in amniotic 
fluid were severely compressed if they 
had been left within the uterus, but were 
not noticeably compressed if they had 
been released from the uterus at the 
time of treatment. However, when col- 
lected at 14% or 15% days, both 
groups showed mild signs of compres- 
sion, such as grooving of the body by 
the umbilical cord or limbs twisted out 
of position. Since the degree of fetal 
compression at the critical time for 
palate development is comparable in 
both groups, compression may be due 
to the amnion-yolk sac membranes in 
both cases. The radical compression 
caused by the uterus arises at a later 
time and is not necessarily involved in 
the development of the cleft palate. In 
Table 1, two cleft palates are listed for 
fetuses that were untreated except that 
the adjoining uterine horn had been 
incised. Under these circumstances there 
is some tendency for the fetuses to shift 
out of position toward the open horn 
(that is, the lateral pressure had de- 
creased). Perhaps this is another ex- 
pression of the sensitivity of palate de- 
velopment to changes in pressure rela- 
tionships (3). 

Bruce E. WALKER 
Department of Anatomy, University of 
Texas Medical Branch, Galveston 
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Long-Term Effects of Tenotomy 
on Spinal Monosynaptic 
Response in the Cat 


Abstract. Section of the Achilles tendon 
in the cat resulted in a shortening of the 
latent period and an increase in the am- 
plitude of the spinal monosynaptic re- 
sponse from gastrocnemius nerves inves- 
tigated 28 to 42 days after tenotomy. No 
change was observed in the course of post- 
tetanic potentiation. 


Following tenotomy, the muscle is 
prevented from exerting effective ten- 
sion and is also deprived of passive 
stretch. It is thus quite feasible to as- 
sume that as long as regrowth of the 
tendon does not take place, the muscle 
proprioceptor end-organs (both muscle 
spindles and tendon organs) are con- 
siderably restricted in function, since 
the natural stimuli for their activation 
—that is, active and passive tension— 
are practically eliminated by tenotomy. 
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Tenotomy could then serve as an ex- 
perimental approach for studying ques- 
tions of the use and disuse of central 
synapses activated by proprioceptors. 
In the present experiments the spinal 
monosynaptic response was investigated 
from nerves innervating muscles im- 
mobilized by tenotomy. 

Unilateral section of the Achilles 
tendon was performed under sterile 
conditions in seven cats (2.5 to 3.5 kg 
body weight) with a sham operation on 
the contralateral side. After 28 to 42 
days the monosynaptic response was 
recorded from the ventral roots L; and 
S: and from the dorsal surface of 
the cord to single-shock stimulation 
of gastrocnemius nerves (combined 
branches to medial and lateral head), 
the posterior tibial and peroneal nerves. 
The stimuli were maximal for the 
monosynaptic response. Conventional 
electrophysiological arrangements for 


recording and stimulating were used. 
In order to ascertain the symmetry of 
the monosynaptic reflex response, the 
latent period and amplitude on the right 
and left sides were compared in seven 
non-operated animals. Furthermore, the 
course of post-tetanic potentiation was 





Fig. 1. Monosynaptic response recorded 
from ventral root L; and cord dorsum po- 
tential (C.D.) to single shock stimulation 
of gastrocnemius nerves in a cat 32 days 
after unilateral section of Achilles tendon, 
displayed on a double-beam cathode ray 
oscilloscope. Upper two traces: non-op- 
erated side; lower two traces: operated 
side. Time: 500 cy/sec. Note that there is 
no difference in the conduction time in the 
peripheral afferent pathways. The shorter 
latent period (0.31 msec) on the operated 
side can thus be attributed to a change in 
the central synaptic delay. The amplitude 
of the monosynaptic response of the op- 
erated side is 3.25 times larger than that 
of the non-operated side. 
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Table 1. Latent period and amplitude mean values (+ standard error) of the monosynaptic 
response in normal cats [R, right; L, left; (=R/L)/n, average percentage difference], ang 
cats after unilateral section of the Achilles tendon (7, side of tenotomy; C, contralateral; 
(=T/C)/n, average percentage difference). Recorded from Lz and S: ventral roots, (m, num- 


ber of animals). 





Latent period (msec) 


Amplitude (mv) 








Record 
"ipa n S, n L, n Si n 
Normal 
R 3.14+0.21 7 3.03+0.10 3 0.381+ 0.145 7 0.890+0.625 3 
L 3.19+0.22 8 2.97+0.05 3 0.408+ 0.162 7 1.049+0.730 3 
at. 101.0 +2.14% 7 102.1 +2.28 3 91.5 +165% 7 89.7 +64% 3 
n 
Tenotomy 
r 2.81+0.09 a 2.79+0.14 2 0.523+ 0.101 7 0.778+ 0.570 3 
Cc 3.03+0.12 7 2.94+0.09 2 0.2474 0.120 7 0.294+ 0.245 3 
2T/C 93.3 +2.64% 7 94.7 +1.70 2 371.0 +88.4% 7 338.8 +92.5% 3 
n 





registered, and the operated and non- 
operated sides were compared. First, 
experiments were performed in de- 
capitated animals; later, when it was 
found that the results were not affected 
by the type of preparation, animals 
anesthetized by chloralose were used. In 
some cats d-tubocurarine was used. Re- 
sults were evaluated statistically by the 
t-test. 

There was a fair symmetry of the 
monosynaptic response in normal non- 
operated animals as far as the latent 
period is concerned. Far more variation 
was encountered in the amplitude of 
the monosynaptic response (see Table 
1). 

In the operated animals, there was 
without exception a_ shorter latent 
period of response on the side of 
tenotomy recorded from L; and S: 
ventral roots on stimulation of gas- 
trocnemius nerves as compared with 
the contralateral side (statistically sig- 
nificant for p< 0.05). The amplitude of 
the monosynaptic response was con- 
siderably increased on stimulation of 
the gastrocnemius nerves on the oper- 
ated as compared with the non-oper- 
ated side (average, 371.0 percent from 
ventral root Lz; 338.8 percent from 
ventral root S:. These values are statis- 
tically significant for p<0.01 in the 
former and p<0.05 for the latter) 
(see Table 1). An example of these 
results is given in Fig. 1. 

The -duration of the post-tetanic 
potentiation to 30 sec of stimulation at 
410 impulses per second of the gas- 
trocnemius nerves on the operated side 
and the non-operated side, respectively, 
was the same, the return to initial values 
being reached in 3 to 5 min. No dif- 
ferences either in the monosynaptic 
response or in the duration of post- 
tetanic potentiation were found between 
the operated and non-operated sides on 
stimulation of the posterior tibial or the 
peroneal nerve. 

It thus appears that chronic inactiva- 


4. E. Gutmann and F. K. Sanders, 


tion of proprioceptors by tenotomy 
leads to a shortening of the latent 
period and to an increase in the ampli- 
tude of the monosynaptic reflex re- 
sponse. This finding is in accord with 
the assumption based on indirect evi- 
dence presented by Thomsen, Altami- 
rano, and Luco (/) indicating an in- 
crease in the myotatic reflex following 
section of the tendon. 

Eccles and McIntyre (2), using a 
different method of inactivation of 
spinal synapses, have obtained results 
different from our own. Twenty-one to 
forty days after section of ‘the dorsal 
roots distal to the spinal ganglion, they 
found a decrease of the monosynaptic 
response, a prolongation of the latent 
period and of post-tetanic potentiation 
on the operated side. These findings 
have recently been confirmed in anal- 
ogous experiments in which the EPSP’s 
of motoneurones were recorded _in- 
tracellularly after section of muscle 
nerves (3). The different results ob- 
tained after tenotomy may indicate that 
the effect observed by the above authors 
is mainly due to changes in the afferent 
neurons corresponding to retrograde 
degeneration of the motor neurons (4) 


and not to disuse. On the other hand, it | 


is necessary to point out that our as- 
sumption about the decrease of pro- 
prioceptive impulses from the muscle 
after tenotomy requires direct experi- 
mental analysis of the function of 
proprioceptors in a chronically tenot- 
omized muscle. , 
R. BERANEK 
P. HNik 
Institute of Physiology, Academy of 
Sciences, Prague, Czechoslovakia 
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libraries prepared with the collaboration of members of the AAAS 
Council and other scientists and educators, $1.00 per copy, net. 
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of all lists, except The AAAS Science Book List, if sent to a single 
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$5.00. Do not send postage stamps in payment. 


Address orders to AAAS PUBLICATIONS 
1515 Massachusetts Avenue, N.W. 
Washington 5, D.C. 
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Meetings 


Forthcoming Events 


November 


10-12. Electrical Techniques in Medicine 
and Biology, 12th annual conf., Philadel- 
phia, Pa. (L. E. Flory, RCA Laboratories, 
Princeton, N. J.) 

10-15. Laboratory Measurement and 
Automation Techniques in Chemistry, in- 
tern. cong., Basel, Switzerland. (ILMAC,. 
61 Clarastrasse, Basel, Switzerland. ) 

11-12. Clinical Anticancer Drug Re- 
search, Washington, D.C. (B. H. Morrison. 
III, Cancer Chemotherapy National Serv- 
ice Center, National Cancer Inst., Bethes- 
da 14, Md.) 

11-13, Operations Research Soc., 16th 
natl., Pasadena, Calif. (J. L. Taylor, 
NORAIR Div., Northrop Corp., Haw- 
thorne, Calif.) 

11-14. Society of Naval Architects and 
Marine Engineers, annual, New York, 
N.Y. (W. N. Landers, SNAME, 74 Trin- 
ity Pl., New York 6.) 

12-13. Cardiology in Aviation, intern. 
symp., Brooks Air Force Base, Tex. (L. 
of Internal Medicine, 
School of Aviation Medicine, Brooks Air 
Force Base.) 

12-13. Utilization of Atomic Energy, 
2nd annual conf., College Station, Tex. 
(G. M. Krise, Radiation Biology Labora- 
tory, Texas Engineering Experiment Sta- 
tion, College Station. ) 

12-18. International Odontological Ses- 
sion (with 64th Paris Dental Congress), 
Paris, France. (J. Charon, Secretary-Gen- 
eral, 31, rue Tronchet, Paris 8°, France.) 

15-18. Society of American Foresters, 
59th, San Francisco, Calif. (Soc. of Amer- 
ican Foresters, Mills Bldg., 17th and Penn- 
sylvania Ave., NW, Washington 6.) 

15-19. American Soc. of Agronomy, 
Cincinnati, Ohio. (L. G. Monthey, 2702 
Monroe St., Madison 5, Wisc.) 

15-20. Radiological Soc. of North 
America, conf., Chicago, Ill. (Radiological 
Soc. of North America, 815 Medical Arts 
Bldg., Fort Worth, Tex.) 

16-18. Molecular Structure, 3rd conf. 
Houston, Tex. (Robert A. Welch Foun- 
dation, 2010 Bank of the Southwest Bldg., 
Houston 2.) 

16-19. Magnetism and Magnetic Ma- 
terials, 5th conf., Detroit, Mich. (D. M. 
Grimes, Dept. of Electrical Engineering. 
Univ. of Michigan, Ann Arbor.) 

16-20. American Rocket Soc., annual 
meeting, Washington, D.C. (J. J. Harford, 
ARS, 500 Fifth Ave., New York 36.) 

16-20. Automation Cong., 5th intern. 
New York, N.Y. (R. Rimbach, 845 Ridge 
Ave., Pittsburgh 12, Pa.) 

16-21. Antarctic Symp., Buenos Aires, 
Argentina. (R. N. Panzarini, Instituto 
Antarctico, Argentino, Cerrito 148, Buenos 
Aires.) 

16-21. Disposal of Radioactive Waste, 
conf., Monaco. (Intern. Atomic Energy 
Agency, 11-13 Kiarntner Ring., Vienna |, 
Austria. ) 

17-18. Air Transportation, natl., San 
Francisco, Calif. (Inst. of Aeronautical 
Sciences, 2 E. 64 St., New York 21.) 
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17-19. Building Research Inst. (NAS-— 
NRC), fall conf., Washington, D.C. (J. 
H. Houtchens, Information Services, BRI, 
NAS-NRC, 1145 19 St., NW, Washing- 
ton 25.) 

17-19. Northeast Electronics Research 
and Engineering Meeting, Boston, Mass. 
(Miss S. Whiteker, Inst. of Radio Engi- 
neers, 73 Tremont St., Boston, Mass.) 

17-20. National Assoc. for Mental 
Health, annual, Philadelphia, Pa. (Ameri- 
can Psychiatric Assoc., 1700 18 St., NW, 
Washington 9.) 

18. Association for Psychiatric Treat- 
ment of Offenders, New York, N.Y. (M. 
Schmideberg, New York Acad. of Sciences, 
2 E. 63 St., New York 21.) 

19-21. Inter-Society Cytology Council, 


annual, Detroit, Mich. (P. A. Younge. 
ISCC, 1101 Beacon St., Brookline 46, 
Mass. ) 

20-21. American Mathematical Soc., 


Winston-Salem, N.C. (J. W. Green, Univ. 
of California, Los Angeles 24.) 

20-21. Nuclear Fusion, symp., Austin, 
Tex. (Texas Symp. on Nuclear Fusion, 
P.O. Box 8005, University Station, Austin. 

22-24. American Soc. of Hematology, 
2nd annual, St. Louis, Mo. (J. W. Rebuck, 
Henry Ford Hospital, Detroit, Mich.) 

22-29. Pan American Child Cong., 11th, 
Bogota, Colombia. (Office of Intern. Con- 
ferences, Department of State, Washing- 
ton 25.) 

23-24. Solid-State Techniques in Mod- 


| ern Instrumentation, symp., Philadelphia, 





Pa. (G. L. Eberly, 
delphia 7.) 

23-25. Fluid Dynamics (APS), Ann 
Arbor, Mich. (R. J. Emrich, Dept. of 
Physics, Lehigh Univ., Bethlehem, Pa.) 

23-26. Technical European Conf. on 
Standards Applicable to Water (by invita- 
tion only), Copenhagen, Denmark. (World 


12 S. 12 St., Phila- 


| Health Organization, Regional Committee 


for Europe, 8 Scherfigsvej, Copenhagen.) 

23-3. Inter-African Soils Conf., 3rd, 
Daloba, Guinea. (Committee for Technical 
Cooperation in Africa South of the Sahara, 
Abbey House, 2-8 Victoria St., London, 
S.W.1, England.) 

25. Association for the Advancement of 
Psychoanalysis, New York, N.Y. (New 
York Acad. of Medicine, 2 E. 103 St., 
New York, N.Y.) 

26-27. Association for the Utilization 
of Atomic Energy in Ship-Building and 
Navigation, Hamburg, Germany, Gesell- 
schaft fiir Kernenergieverwertung in Schiff- 
bau m.b.H., Hamburg.) 

26-28. Central Assoc. of Science and 
Mathematics Teachers, Chicago, Ill. (G. 
G. Mallinson, Western Michigan Univ., 
Kalamazoo. ) 

26-28. Ceylon Assoc. for the Advance- 
ment of Science, Colombo. (K. Arumu- 
gam and S. Wijesundera, General Secre- 
taries, Univ. of Ceylon, Colombo 3.) 

26-29. Legal and Administrative Prob- 
lems of Peaceful Use of Nuclear Energy, 
intern. conf., Rio Piedras, Puerto Rico. 
(J. Mayda, Faculty of Law, Univ. of 
Puerto Rico, Rio Piedras.) 

27-28. American Mathematical Soc., 
Detroit, Mich. (J. W. Green, Univ. of Cali- 
fornia, Los Angeles 24.) 

27-28. American Physical Soc., Cleve- 
land, Ohio. (K. K. Darrow, Columbia 
Univ., New York 27.) 
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beiller on the state of the nation’s 
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27-28. American Soc. of Animal Pro- 
duction, Chicago, Ill. (H. H. Stonaker, 
Colorado State University, Fort Collins.) 

27-28. National Council for Geographic 
Education, Detroit, Mich. (L. Kenndmer, 
Univ. of Texas, Austin.) 

27-17. Bahamas Medical Conf. Nassau. 
(B. L. Frank, Box 4037, Fort Lauderdale, 
Fla.) 

29-30. American College of Chest Phy- 
sicians, Dallas, Tex. (M. Kornfield, 112 
E. Chestnut St., Chicago 11, Ill.) 

29-4. American Soc. of Mechanical 
Engineers, annual, Atlantic City, N.J. 
(ASME, 29 W. 39 St., New York 18.) 

30-2. American Acad. for Cerebral 
Palsy, 13th annual, Los Angeles, Calif. 


(G. L. Brooks, AACP, Brown Univ., 
Providence 12, R.I.) 

30-2. French-Speaking Neurosurgeons 
Society, annual, Paris, France. (M. David, 
4, rue Galliera, Paris.) 

30-3. Eastern Joint Computer Conf., 
Boston, Mass. (Miss M. Fox, EJCC, Box 
4999, Washington 8.) 

30-3. Entomological Soc. of America 
(joint with the societies of Canada and 
Ontario), annual, Detroit, Mich. (L. L. 
Reed, Entomological Soc. of Canada, 
Science Service Building, Ottawa, Can- 
ada.) 

30-16. Tropical Meteorology, symp., 
Nairobi, Kenya, East Africa. (Secretariat, 
World Meteorological Organization, Cam- 





Do Away With Water Baths, Sand Baths, Oil Baths 


MULTI-BLOCK 
HEATERS 


digestions, extractions, and other reactions requiring temperature 
control within + 1° in the range from ambient to 300°C. 





2125 SERIES 





2127 SERIES 


RSCo manufactures two series of tube heaters: Model 2125, in 
which the blocks bolt to the heating base, and Model 2127, 


where the blocks sit inside the insulation shell of their heating 


base. Blocks are sold either individually or in complete heater 


units. 





TUBE BLOCK 
(3 SIZES OF HOLES) 





HOT PLATE BLOCK 


Interchangeable 
heat transfer blocks 
are mountable on 
the heating bases. 


Send to Dept. A 
for descriptive literature 
and prices. 





TUBE BLOCK 
(3 SIZES OF HOLES) 





LIQUID BATH BLOCK 





RSCo 


RESEARCH SPECIALTIES CO. 





200 SOUTH GARRARD BLVD. 


986 


RICHMOND, CALIFORNIA 











pagne Rigot, Avenue de la Paix, Geneva, 
Switzerland. ) 

30-17. Problems of Tropical Meteor- 
ology in Africa and the Neighboring Is. 
lands, symp., Nairobi, Kenya, Africa. 
(World Meteorological Organization, Cam- 
pagne Rigot, 1, Avenue de la Paix, Geneva, 
Switzerland. ) 


December 


1-3. Eastern Joint Computer Conf. 
Boston, Mass. (D. T. Ross, Dept. of Elec- 
trical Engineering, Massachusetts Inst. of 
Technology, Cambridge.) 

1-4. American Medical Assoc. (clinical), 
Dallas, Tex. (R. M. McKeown, 510 Hall 
Bldg, Coos Bay, Oreg.) 

2-4. Electrical Furnace Conf., Cleve- 
land, Ohio. (E. O. Kirkendall, AIME, 29 
W. 39 St., New York 18.) 

3-4, Semiconductor Surfaces, 2nd conf., 
Silver Spring, Md. (R. F. Greene, USS. 
Naval Ordnance Lab., White Oak, Silver 
Spring, Md.) 

3-4. Vehicular Communications, St. 
Petersburg, Fla. (L. G. Cumming, IRE, 
1 E. 79 St., New York 21.) 

3-5. Corrosion, symp., Dresden, Ger- 
many. (Chemische Gesellschaft in der 
Deutschen Demokratischen Republik, Un- 
ter den Linden 68/70, Berlin W.8, Ger- 
many.) 

3-5. Visual Communications, 3rd an- 
nual intern. conf., New York, N.Y. (E. 
Kaestner, Soc. of Reproductive Engineers, 
Bell Telephone Labs., New York, N.Y.) 

3-11. Training and Education in Nutri- 
tion, European symp., Frankfurt am Main, 
Germany. (Food and Agricultural Organ- 
ization of the United Nations, Viale delle 
Terme di Caracalla, Rome, Italy.) 

3-12, International Confederation of 
Free Trade Unions, 7th world cong., Brus- 
sels, Belgium. (ICFTU, 24, rue du Lom- 
bard, Brussels.) 

4-6. American Psychoanalytic Assoc., 
New York, N.Y. (D. Beres, 151 Central 
Park West, New York 23.) 

5-10. American Acad. of Dermatology 
and Syphilology, Chicago, Ill. (R. R. Kier- 
land, First National Bank Bldg., Rochester, 
Minn.) 

6. American Acad. of Dental Medicine, 
mid-annual, New York, N.Y. (A. J. Can- 
nistraci, 2152 Muliner Ave., New York 
62.) 

6-10. American Inst. of Chemical En- 
gineers, annual, San Francisco, Calif. (F. 
J. Van Antwerpen, AICE, 25 W. 45 St., 
New York 36.) 

7-12. Algology, UNESCO symp., New 
Delhi, India. (J. P. Correa, South Asia 
Cooperation Office, 21, Curzon Rd., New 
Delhi, India.) 

8-10. Application of Electrical Insula- 
tion, 2nd natl. conf., Washington, D.C.) 
(N. S. Hibshman, AIEE, 33 W. 39 St. 
New York 18.) 

9-15. American Acad. of Optometry, 
Chicago, Ill. (C. C. Koch, 1506-1508 Fo- 
shay Tower, Minneapolis 2, Minn.) 

11-12, American Rheumatism Assoc., 
Detroit, Mich. (F. E. Demartini, Presby- 
terian Hospital, 622 W. 168 St., New York 
32.) 

11-12, Association for Research in 
Nervous and Mental Disease, annual, 
New York, N.Y. (R. J. Masselink, 700 W. 
168 St., New York 32.) 
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“ type knife edges. No mess involved as with water abrasives. 
Sharpener provides keener, longer lasting cutting edges and 
y- maintains original knife bevel. Stropper assures perfectly OUR 100th YEAR 
rk straight, uniform edge every time. Together, sharpener and = +4 
ght, ee ee eloe scientific 
in stropper offer the ideal knife maintenance assembly—at a DIVISION OF THE BRUNSWICK-BALKE-COLLENDER COMPANY 
i, price below that of most sharpeners alone. _ ) Set Se 
N. 5655 Kingsbury, St. Lovis 12, Mo. 


Complete information sent on request. Write or call us today. Fully Stocked Divisions Coast to Coast 
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11-12. Oklahoma Acad. of Science, 
Weatherford. (R. Kelting, Life Sciences 
Department, Univ. of Tulsa, Tulsa, Okla.) 

11-12. Salt and Water Metabolism, 
symp., New York, N.Y. (A. P. Fishman, 
New York Heart Assoc., 10 Columbus 
Circle, New York 19.) 

J1-12. Texas Acad. of Science, Austin. 
(L. Kennamer, Dept. of Geography, Univ. 
of Texas, Austin 12.) 

16-18. American Soc. of Agricultural 
Engineers, Chicago, Ill. (J. L. Butt, P.O. 
Box 229, St. Joseph, Mich.) 

25-27. Indian Mathematical Soc., 25th 
conf., Allahabad, India. (B. N. Prasad, 
Allahabad Univ., Lakshmi Niwas, George 
Town, Allahabad 2.) 

26-30. American Assoc. for the Ad- 
vancement of Science, annual, Chicago, 
Ill. (R. L. Taylor, AAAS, 1515 Massa- 
chusetts Ave., N.W, Washington 5.) 





The following 46 meetings are being 
held in conjunction with the AAAS an- 
nual meeting. 

AAAS Committee on Science and the 
Promotion of Human Welfare (B. Com- 
moner, School of Botany, Washington 
Univ., St. Louis 5, Mo.). 27 Dec. 

AAAS Cooperative Committee on the 
Teaching of Science and Mathematics 
(Brother G. Nicholas, Dept. of Biology, 
Univ. of Notre Dame, Notre Dame, Ind.). 
27 Dec. 

Academy Conference (A. M. Winches- 
ter, Stetson Univ., De Land, Fla.), 27~28 
Dec. 


Alpha Epsilon Delta (M. L. Moore, 7 
Brookside Circle, Bronxville, N.Y.). 29 
Dec. 

American Assoc. of Clinical Chemists 
(A. Dubin, Director of Biochemistry, 
Cook County Hospital, Chicago 12, Iil.). 
26-27 Dec. 

American Geophysical Union (W. C. 
Krumbein, Dept. of Geology, Northwest- 
ern Univ., Evanston, IIl.). 28 Dec. 

American Meteorological Soc. (K. Spen- 
gler, 3 Joy St., Boston, Mass.). 

American Nature Study Soc. (E. L. Will, 
State Univ. Teachers College, Oneonta, 
N.Y.). 26-30 Dec. 

American Physiological Assoc. (F. A. 
Hitchcock, Ohio State Univ., Columbus). 
28 Dec. 

American Political Science Assoc. (J. 


Robinson, Dept. of Political Science, 
Northwestern Univ., Evanston, IIl.). 28 
Dec. 

American Psychiatric Assoc. (E. L. 


Bliss, General Hospital, Salt Lake City, 
Utah). 28-29 Dec. 

American Soc. of Criminology (D. E. 
J. MacNamara, New York Inst. of Crimi- 
nology, Inc., New York 36). 28-29 Dec. 

American Soc. of Naturalists (A. D. 
Hasler, Dept. of Zoology, Univ. of Wis- 
consin, Madison). 27-28 Dec. 

American Soc. of Plant Taxonomists 
(L. R. Heckard, Dept. of Botany, Univ. 
of Illinois, Urbana). 28-30 Dec. 

American Sociological Soc. (J. S. Cole- 
man, Dept. of Sociology, Univ. of Chi- 
cago, Chicago 37, Ill.). 28-29 Dec. 

American Statistical Assoc. (R. F. 





Winch, Dept. of Sociology, Northwestern 
Univ., Evanston, IIl.). 29-30 Dec. 

Association of American Geographers 
(A. Cutshall, Univ. of Illinois, Navy Pier, 
Chicago 11). 29 Dec. 

Association for Computing Machinery 
(W. F. Cahill, Goddard Space Flight Cen- 
ter, Silver Spring, Md.). 29 Dec. 

Astronomical League (E. Halbach, 2971 
S. 52 St., Milwaukee 19, Wisc.). 26 Dec. 

Beta Beta Beta (Mrs. F. G. Brooks, P.O, 
Box 515, Ansonia Station, New York 23), 
27-28 Dec. 

Chicago Acad. of Sciences (R. A. Ed- 
gren, Chicago Acad. of Sciences, 2001 N. 
Clark St., Chicago 14, Ill.). 29-30 Dec. 

Conference on Scientific Communica- 
tions (G. L. Seielstad, Applied Physics 
Lab., Johns Hopkins Univ., Silver Spring, 
Md.). 28-29 Dec. 

Conference on Scientific Manpower (T. 
J. Mills, National Science Foundation, 
Washington 25). 28 Dec. 

Ecological Soc. of America (W. C. Ash- 
by, Dept. of Botany, Univ. of Chicago, 
Chicago 37, Ill.). 28-30 Dec. 

Honor Soc. of Phi Kappa Phi (L. R. 
Guild, 634 S. Western Ave., Los Angeles 
5, Calif.). 30-31 Dec. 

Illinois Geographical Soc. (Miss M. 
Grant, Morton Junior College, Cicero, 
Ill.). 28 Dec. 

Institute of Management Sciences (M. 
M. Flood, College of Engineering, Univ. 
of Michigan, Ann Arbor). 29 Dec. 

Metric Assoc. (J. T. Johnson, Ravens- 
wood YMCA, 1725 Wilson Ave., Chicago 
40, Ill.). 
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FOR EXPLORING 
MICROWAVE OPTICS... 


MICRO-WAVE APPARATUS 


A valuable new teaching aid for school 
and laboratory that demonstrates prin- 
ciples of physical optics at a meter 
stick rather than microscope level. Also 
illustrates basic radar. Special manual 


Coed 






CENCO* 


outlines 17 ex- 
periments. 
Write for de- 


No. 80422 Micro-Wave Apparatus, with 
transmitter tube. .......0eeeees each $295.00 


CENTRAL SCIENTIFIC CO. 
1718-M trving Park Road © Chicago 13, Illinois 
R hy ‘Wess x’ inside, N. }. 
Boston Birmingham © Santa Clara @ Los Angeles © Tulsa 
Houston @ Toronto @ Montreal © Vancouver © Ottawa 
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Mycological Soc. of America (D. P. 
Rogers, Dept. of Botany, Univ. of Illinois, 
Urbana). 

National Acad. of Economics and Po- 
litical Science (J. Rothrock, Pan American 
Union, Washington 6). 29 Dec. 

National Assoc. of Biology Teachers 
(H. E. Weaver, 202 Men’s Old Gym, Univ. 
of Illinois, Urbana). 26-30 Dec. 

National Assoc. for Research in Science 
Teaching (J. C. Mayfield, Univ. of Chi- 
cago, Chicago 37, Ill.). 26-30 Dec. 

National Assoc. of Science Writers (P. 
Fraley, Evening Bulletin, Philadelphia, 
Pa.). 27 Dec. 

National Geographic Soc. (W. R. Gray, 
NGS, 16 and M Sts., NW, Washington 
6). 30 Dec. 

National Science Teachers Assoc. (R. 
H. Carleton, NSTA, 1201 16 St., NW, 
Washington, D.C.). 26-30 Dec. 

National Soc. for Medical Research (R. 
4. Rohweder, NSMR, 920 S. Michigan 
Blvd., Chicago 5, Ill.). 29 Dec. 

National Speleological Soc. (T. C. Barr, 
Ir, Tennessee Polytechnic Inst., Cooke- 
ville, Tenn.). 28 Dec. 

Philosophy of Science Assoc. (W. A. R. 
Ley, Roosevelt College, Chicago, Ill.). 28 
Dec. 

Scientific Research Soc. of America (D. 
B. Prentice, 56 Hiullhouse Ave., New 
Haven 11, Conn.). 29 Dec. 

Sigma Delta Epsilon (Miss E. S. Ander- 
son, Stratford Hotel, 25 E St., NW, Wash- 
ington, D.C.). 26-30 Dec. 

Society for General Systems Research 
(R. L. Meier, Mental Health Research 
Institute, Univ. of Michigan, Ann Arbor). 

Society for the History of Technology 
(M. Kronzberg, Dept. of History, Case 
Inst. of Technology, Cleveland, Ohio). 

Society of the Sigma Xi (T. T. Holme, 
56 Hillhouse Ave., New Haven 11, Conn.). 
29 Dec. 

Society of Systematic Zoology (R. E. 
Blackwelder, Southern Illinois Univ., Car- 
bondale). 26-30 Dec. 

Tau Beta Pi Assoc. (R. H. Nagel, Univ. 
of Tennessee, Knoxville). 27 Dec. 

United Chapters of Phi Beta Kappa (C. 
Billman, 1811 Q St., NW, Washington, 
D.C.). 29 Dec. 





27-30. American Anthropological Assoc., 
Mexico City. (W. S. Godfrey, Jr., Logan 
Museum, Beloit College, Beloit, Wisc.) 

27-30. American Astronomical Soc., 
Cleveland, Ohio. (J. A. Hynek, Smith- 
sonian Astrophysical Observatory, 60 
Garden St., Cambridge 38, Mass.) 

27-30. American Folklore Soc., Mexico 
City. (MacE. Leach, 110 Bennett Hall, 
Univ. of Pennsylvania, Philadelphia 4.) 

27-30. American Statistical Assoc., 
Washington, D.C. (D. C. Riley, 1757 K 
St. NW, Washington 6.) 

_ 27-30. Institute of Mathematical Statis- 
tics (weather control), Washington, D.C. 
(J. Neyman, Statistical Lab., Univ. of 
California, Berkeley 4.) 

28-29. American Chemical Soc. (Div. 
of Industrial and Engineering Chemistry), 
symp., Baltimore, Md. (M. A. H. Emery, 
Sa 18 and K Sts., NW, Washington 

28-29. Industrial Relations Research 
Assoc., Washington, D.C. (E. Young, Ster- 
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ling Hall, Univ. of Wisconsin, Madison.) 

28-29. Mechanisms of Interfacial Reac- 
tion, American Chemical Soc., annual 
symp, Baltimore, Md. (H. E. Hoelscher, 
Chemical Engineering Dept., Johns Hop- 
kins Univ., Baltimore, Md.) 

28-29. Northwest Scientific Assoc., Spo- 
kane, Wash. (W. B. Merriam, Dept. of 
Geography, State College of Washington, 
Pullman.) 

28-30. American Economic Assoc., 
Washington, D.C. (J. W. Bell, Northwest- 
ern Univ., 629 Noyes St., Evanston, IIl.) 

28-30. American Philosophical Assoc. 
(eastern div.), New York, N.Y. (L. Gar- 
vin, Dept. of Philosophy, Univ of Mary- 
land, College Park.) 


28-30. American Physical Soc., Pasa- 
dena, Calif. (K. Darrow, APS, Columbia 
Univ., 116 St. and Broadway, New York, 
N.Y.) 

28-30. Econometric Soc., Washington, 
D.C. (R. Ruggles, Dept. of Economics, 
Yale Univ., New Haven, Conn.) 

28-30. Western Soc. of Naturalists, 
Los Angeles, Calif. (Y. U. Amrein, Dept. 
of Zoology, Pomona College, Claremont, 
Calif.) 

28-31. Phi Delta Kappa, Columbia, 
Mo. (A. G. Clark, 316 Dalzell Ave., Ben 
Avon, Pittsburgh 2, Pa.) 

28-16. Bahamas Surgical Conf., Nas- 
sau. (B. L. Frank, P.O. Box 4037, Fort 
Lauderdale, Fla.) 
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GET YOUR ADVANCE COPY 
of the General Program of the 
AAAS Chicago Meeting 


by first class mail — early in December 


The General Program of the 126th Meeting of the AAAS in Chicago, 26-31 Dec., 1959, 
will be available to you within the first week in December—whether you can attend the Meeting 
or not. 

Effective this year, the former General Program-Directory, which had become an unwieldy 
book of more than 400 pages, has been separated into two publications, namely: 

a) The Directory of AAAS Officers and Activities, 96 pp., already published; and 
b) The General Program of the Annual Meeting, c. 200 pp., which will appear early in 
December 
Both of these, sold at cost, may be purchased separately—in advance (see coupon below), or at 
the meeting. Some of their respective contents are: 


The General Program The Directory 


1. The two-session general symposium “Moving Frontiers of 1. AAAS officers, staff, committees, for 1959. 
Science IV,” arranged by the Committee on AAAS Meetings. 


2. Programs of the 18 AAAS sections (symposia and contributed 2. Section committees and other AAAS Council members. 

papers). 3. The 285 affiliated organizations. 
Programs of the more than 80 participating societies. A ‘Sietaneill aiakin aa P np iy eee 
Fes ue ; 2 elas . Historical sketch and organization of the Association. 

4. Sessions of the Conference on Scientific Communication, Con- . 
ference on Scientific Manpower, and the Academy Conference. 5. Complete roll of AAAS presidents and their fields. 

5. The Special Sessions: AAAS Address and Reception, National en as : P 
Geographic Society, Phi Beta Kappa, Sigma Xi, RESA, Tau 6. Publications of the Association, including all symposium 
Beta Pi Association. volumes. 

6. Details of the Morrison Hotel—center of the Meeting—and 7. AAAS Awards—including all past winners. 


of the other session sites. 
7. Titles of the latest foreign and domestic scientific films to be 8. Future Meetings of the AAAS through 1963. 
shown in the AAAS Science Theatre. 


8. Exhibitors in the 1959 Annual Exposition of Science and eee 
Industry and descriptions of their exhibits. 10. Constitution and Bylaws. 


9. New and current activities of the AAAS. 


Advance Registration 


Advance registration has these decided advantages: 1) You avoid delay at the Registration Center upon arrival; 2) You re- 
ceive the General Program in ample time to decide, unhurriedly, which events and sessions you particularly wish to attend; 
3) Your name is posted in the Visible Directory as the Meeting opens. 


The following coupon may be used both by advance registrants and by those who wish only 
the advance copy of the General Program; the Directory may also be ordered. 


—THIS IS YOUR COUPON FOR AN ADVANCE COPY OF THE GENERAL PROGRAM— 
(AND FOR THE DIRECTORY, IF ALSO DESIRED) 


la. — Enclosed is $3.00 for my advance Registration Fee which brings me the General Program, Convention Badge, and all 
privileges of the Meeting. 

1b. | Enclosed is $2.00 for only the General Program. (It is understood that, if I should attend the Meeting later, the Badge— 
necessary for the privileges of the Meeting—will be secured for $1.00 more.) 

(Check la or 1b) 


Ic. (] Enclosed is $1.00 for the Directory of AAAS Officers and Activities to be sent now. 


Total amount enclosed $................ 
2. POLL pened RUMEN MELE) ov occas SNAG Ts 6's lala: 6 Sie: S-9, is Wis Sew eleven Wea Gyevauey Obgilege ue Pe RNAs gE oentne pene ts tat ete eee te eam 
Please print or typewrite) (Last) (First) (Initial) 


ACADEMIC. PROFESSIONAL, OR 
BUSINESS CONNECTION 


(May ‘be added later, after ‘arrival) 


Please mail this Coupon and your check or money order for the total amount to the 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
1515 Massachusetts Avenue, NW, Washington 5, D.C. 
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New Products 


The information reported here is obtained from 
manufacturers and from other sources considered 
to be reliable. Neither Science nor the writer as- 
sumes responsibility for the accuracy of the in- 
formation. All inquiries concerning items listed 
should be addressed to Science, Room 740, 11 
West 42 St., New York 36, N.Y. Include the 
name(s) of the manufacturer(s) and the depart- 
ment number(s). 


«# PIPETTER permits normal finger- 
action control with suction provided by 
bulb. The operator’s finger is accom- 
modated by a tube sealed with a finger 
cot. The device accommodates the range 
of standard pipettes made for ordinary 
hand use. (Scientific Glass Apparatus 
Co., Dept. 115) 


# VOLTMETER for high-voltage meas- 
ures directly positive and negative peaks 
to 150 kv and root-mean-square poten- 
tials to 115 kv. The instruments are 
portable and are equipped with built-in 
high-voltage multipliers for full-scale 
ranges of 75 kv. For higher voltage, 
the multiplier bushing is separately 
mounted. Single- and multiple-range 
models are availabie. (Associated Re- 
search, Dept. 134) 


# ANALYTICAL EVAPORATOR accommo- 
dates six samples in 50-ml erlenmeyer 
llasks, or 12 in test tubes. The appara- 
tus consists of a stand, sample holder, 
gas manifold, and 12 gas injectors with 
individual needle-valve control. A ther- 
mostatted water bath permits evapora- 
tion at constant temperature, which 
may be set between 35° and 70°C. Dry 
air or nitrogen at flow rates up to 
0.25 ft?/min is required. (Organoma- 
tion Associates, Dept. 123) 


4% MICROSCOPES in a new line of 15 
models include a home-laboratory series 
with two models; a medical series of 
five models, including a_ binocular 
microscope with full staging equipment 
and magnification up to 2000; a stereo- 
scopic series of three models, available 
also as focusing head assembly only; a 
portable series of three models with 
self-contained battery-powered illumi- 
nation; and two all-purpose models. 
(D. P. Bushnell and Co., Dept. 126) 


" AIR MONITOR features four inter- 
changeable detectors for sensing four 
combinations of radioactivity: alpha, 
beta, and gamma; beta and gamma; 
alpha; or beta. The nondiscriminating 
detector is a 2-in. hemisphere gas-flow 
Geiger detector with Mylar window 
| mg/cm? thickness. A moving filter 
offers a choice of immediate detection 
of first-surface deposits or delayed de- 
tection. Motion may be continuous or 
stepwise. The monitor is mounted on a 
mobile cart. (Nuclear Measurements 
Corp., Dept. 130) 
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™ TENSILE TESTER is a portable device 
for tensile tests on round or flat speci- 
mens. The load is applied to the speci- 
men by manual rotation of a knurled 


knob. The applied load is measured by | 


a trapped-oil system and indicated on 
a 412-in. gage. The testers are available 
in capacities from 100 to 1000 Ib. Inter- 
changeable jaws cover flat specimens of 
thickness up to % in. and round speci- 
mens of diameter from % to % in. 
Maximum specimen length is 7 in. 
Tester dimensions are 5 by 23 by 11 in.; 
weight is 36 lb. (Steel City Testing 
Machines, Inc., Dept. 137) 


™ SPECTROMETER may be used for al- | 
pha, beta, gamma, or neutron detection | 


by direct interchange of detecting crys- 
tals. Included are a 1.5 by 2 in. Nal 
(T1) crystal, photomultiplier tube, am- 
plifier, pulse-height analyzer, count-rate 
meter, and pulse generators. The instru- 
ment is battery-operated and portable. 
(Radiation Instrument Development 
Laboratory, Dept. 116) 


™ FREQUENCY METER of heterodyne 
type reads frequency directly from 10C 
to more than 10,000 Mcy/sec. Accu- 
racy of +0.03 percent is claimed. Ac- 
curacy at 5 Mcy/sec crystal check 
points is +0.002 percent. Input sensi- 


tivity at 500 Mcy/sec and above is | 


—30 dbm and at 100 Mcy/sec —5 
dbm. The bandwidth of the video am- 
plifier is 0.8 Mcy/sec. 


128) 


™ TEMPERATURE-CONTROL SYSTEM pro- 
vides continuous automatic control of 
liquid and air baths to a tolerance said 
to be +0.1°C. The system is based on 
a transistorized crystal-controlled oscil- 
lator circuit that senses the position of 
the column in a mercury thermometer 


by means of an external electrode. The | 


oscillator actuates a pulse-duration 
modulated system to control power up 


to 1500 watts. (Milltown Instrument | 


Co., Dept. 129) 


® VIBRATION INTERFEROMETER for Cali- 
bration of accelerometer vibration trans- 
ducers consists of the interferometer 
proper, a multibeam stroboscopic slit 
assembly with white-light source, and a 


vibration generator. Frequency range | 


is approximately 450 to 10,000 cy/sec. 


Double amplitudes over a range of 1 to | 


1000 pin. can be determined with ac- 


curacy said to be +1 pin. or +1 per- | 


cent, whichever is greater. (Gaertner 
Scientific Corp., Dept. 133) 


™ MICROWAVE STEP ATTENUATORS are 
remotely operated for use in unaccessi- 
ble areas. Attenuation values from 0.1 
to 60 db can be obtained with power- 
handling capability of 1 or 4 watts of 
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chemistry, 
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industrial Apparatus Division 
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radio-frequency power. Frequency range 
is from dc to 4 kMcy/sec. Standard 
units operate from 28v dc source; other 
operating voltages can be _ supplied. 
(Empire Devices Products, Dept. 143) 


™ PORTABLE TAPE RECORDER is battery 
operated with spring-motor drive. The 
recorder operates 30 min on a single 
motor winding. Warning is given 15 sec 
before rewind, which may be performed 
during operation, is required. Single 
and multi-speed models are available. 
(Amplifier Corp. of America, Dept. 
154) 


™ DROPPING-MERCURY ELECTRODE con- 
tains a stable half cell which enables 
the test vessel to be rotated for quick 
change of sample solution. A ceramic 
frit liquid bridge provides low elec- 
trolytic resistance. The electrode com- 
bines in a compact unit the dropping- 
mercury system, constant-head mercury 
column, test vessel, reference electrode, 
reference salt bridge, water bath, and 
gas flowmeter. Fifty grams of mercury 
are required for operation. Mercury 
mass-flow rate cari be determined while 
analysis is being made. (Leeds & North- 
rup Co., Dept. 142) 





Eliminate Laboratory 


“Washday Blues’! 








FISHER LABORATORY 
GLASSWARE WASHER 


A laboratory appliance that saves time, temper and 


e Delivers Sparkling ted 
Glassware 


ium—the ! 
in the modern laboratory for an Se 
lamb washer that cleans the most fragi 


Fisher Glassware Washer fills a real need 


e ware to 


sparkling brightness. Deposits, clots, agar, precipitates, 


markings. . 


A variety of baskets permits washing many types of 
laboratory glassware; special holders are available for 
Petri dishes, 
holds six full 
baskets. 


For “‘good housekeeping” made easier, learn more about; 
the Fisher Glassware 


© Cuts Labor and 
Detergent Costs 


e Reduces Breakage 


This 8-Page 
Bulletin tells 
the story 


| Details on this useful ap- 
| pliance are included in 
| this handy, illustrated 
| booklet. Write for your 
copy. 


139 FISHER BUILDING 
PITTSBURGH 19, PA. 
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. all are completely removed. 


ipettes, slides, funnels, etc. The Washer 
askets or three pipette holders and four 


asher. 


8-65b 


FISHER 
SCIENTIFIC 


IN THE U.S.A. Chicago Philadelphia IN CANADA 
Boston Cleveland Pittsburgh © Edmonton 
Buffalo Detroit St. Louis Montreal 


Charleston, W.Va. New York Washington Toronto 
America's Largest Manufacturer-Distributor of 
laboratory Appliances & Reagent Chemicals 








@ PIPETTE CONTROLLER can be oper- 
ated with equal ease by right or left 
hand. Precision is said to permit frac- 
tional drop delivery to 0.01 ml. Con- 
struction material is chrome-plated 
metal and acid resistant gum rubber, 
(Tenso-Lab., Dept. 162) 


™ THERMOELECTRIC JUNCTIONS are de- 
signed to maintain a temperature above 
or below ambient. The thermojunctions 
are made of cast semiconductors. In 
normal room ambient temperatures it 
is said to be possible to obtain a tem- 
perature difference in excess of 40°C 
with an input power of 2 watts. As a 
generator the junction can produce ap- 
proximately 0.25 watt electrical output 
with a difference of temperature of 
150°C between cold and hot junctions, 
Maximum hot junction temperature is 
150°C; minimum cold junction tem- 
perature is —75°C. Resistance is 
0.0025 ohm. Maximum current is 40.0 
amp. (Ohio Semiconductors, Inc., Dept. 
138) 


™ STERILE SYSTEM consists of three in- 
terconnecting systems: a surgical unit, 
measuring 38 by 26 by 17% in., with 
accommodations for four gloves; an 
autoclave unit, for animal and food 
transfer, water jacketed with heating 
capability from room temperature to 
autoclave temperature in 15 min; a 
rearing unit measuring 38 by 26 by 
26 in., capable of maintaining a sterile 
environment for extended periods of 
time. The surgical and rearing units are 
mounted on mobile bases, each contain- 
ing controls for electrical heating, venti- 
lating, and recording systems and a 
battery-operated emergency power sup- 
ply. Emergency switchover to battery 
operation is automatic. (Fisher Scien- 
tific Co., Dept. 144) 


® HIGH-VOLTAGE POWER SUPPLY pro- 
duces 16 kv d-c at 200 wa from input 
of 26.5 volts d-c, 650 ma. Conversion 
is through a mechanical vibrator, trans- 
former, and voltage doubler. The unit 
can operate at ambient temperatures 
from —65° to +125°F. Dimensions 
are 4% by 6% by 6% in. (South- 
western Industrial Electronics Co, 
Dept. 148) 


™ MICROMICROAMMETER is a battery- 
powered transistorized instrument that 
measures current from 1 ppa through 
300 ma full-scale in 24 ranges. Ac 
curacies of +1.0 percent from 1 mpa 
through 300 ma and +2 percent from 
1 ppa through 300 pya are claimed. 
Dimensions are 13 by 7% by 8% in. 
weight is 17 lb. (Belleville-Hexem 
Corp., Dept. 145) 

JOSHUA STERN 
National Bureau of Standards, 
Washington, D.C. 
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iii POstT1ONS OPEN |i 


(a) Biochemist; excellent opportunity for young 
Ph.D. to head department, group of eight path- 
ologists operating private laboratory, supervising 
several area hospital laboratories; $9000; Los 
Angeles vicinity. (b) Bacteriologist; Ph.D. pre- 
ferred to head bacteriology, parasitology, serol- 
ogy, report directly to pathologist for supervi- 
sion of six employees; 450-bed general university 
affiliated hospital to $9000; metropolitan eastern 
area. (c) Chemist, Ph.D. to head department, de- 
velop new procedures, supervise technologists, 
some teaching; prefer working knowledge elec- 
tronic equipment; fully approved 350-bed teaching 
hospital; ideal Pacific Northwest location. (d) 
Biochemist or Organic Chemist; $8400 or better; 








eastern research institute. Woodward Medical 
Bureau, Ann Woodward, Director, 185 North 
Wabash, Chicago. x 
Herbicides Biologist; Ph.D. (0 to 5 years’ ex- 


perience) to be project leader of laboratory de- 
voted to plant growth-regulatory research with 
primary emphasis on screening and evaluating for 
new herbicides. Plant physiology and/or agronomy 
are desirable major disciplines with biochemistry 
and morphology as minors. Write Research Di- 
rector, Niagara Chemical Division, Middleport, 
New York, for application for employment blank. 





Postdoctoral Traineeship in Neurophysiology. 
Available for the Ph.D. in physics, biology, bio- 
chemistry or physiology or the M.D. who would 
like to broaden his training and enter research in 
nerve physiology. Stipends from $4500 per year 
and up plus dependent allowance. Facilities avail- 
able for investigation involving mammalian neuro- 


physiology and _ single vertebrate nerve fiber 
analysis. Write G. M. Schoepfie, Department of 
Physiology, Washington University School of 


Medicine, St. Louis 10, Mo. 10/16, 23, 30 





Science Teachers, Librarians, Administrators ur- 
gently needed for positions in many states and 
foreign lands, Monthly non-fee placement journal 
since 1952 gives complete job data, salaries. Mem- 
bers’ qualifications and vacancies listed free. 1 


issue. $1. Yearly (12 issues) membership, $5. 
a one SCI., Box 99, Station G, Brooklyn 
5 N.Y. ew 





III E.0Wsexress ill 


Senior Research Fellowship in Immunology. Ap- 
plications are invited for this post. The purpose 
of the fellowship is the development of immu- 
nology in relation to zooparasitic infections. The 
applicant should have a postgraduate degree or 
research experience in the biochemistry of 
immunology of parasitic infections. 

The appointment is on a 3-year basis; salary 
£A1300/ £1800 per annum depending on ex- 
perience and qualifications, and traveling expenses 
up to £250 will be allowed. 

Applications stating relevant particulars should 
be forwarded to the Registrar, University of 
Queensland, St. Lucia, Brisbane, Queensland, 
Australia, by 1 December 1959, x 








The Division of Basic Health Science of Emory 
University offers fellowships and assistantships for 
graduate training in anatomy, bacteriology, bio- 
chemistry, pharmacology, and physiology. Stip- 
ends range from $1800 to $3600 per academic 
year. For further information write to Director, 
Division of Basic Health Sciences, Emory Uni- 
versity, Atlanta 22, Georgia. xX 





{Mili BOOKS AND MAGAZINES ji 


WANTED TO PURCHASE against cash or in 
exchange: 
1. Annals of Missouri Botanical Garden, Vols. 





. Botanical Gazette, Vols. 38-107. 

. Bull. of the Torrey Botanical Club, Vols. 1-54, 
Vols. 69-84. 

. Ecological. monographs, Vol. 17 (1947): 2, 3 
Vol. 18 (1948): 3. 

5. Ecology, Vol. 3 (1922): 1. : 

Proceedings of the National Academy of Sciences, 

Vol. 18, Vol. 20, Vols. 24-36. We offer: 

1. Annals of botany, N.S.: Vols. 2, 5, 11:41, 42, 


& WN 


12-15. 

2. Bull. de la Société Botanique de France: Vol. 
35 (1888). Vols. 97-101, Vols. 103-105 and 
a number of single issues. 

3. Ecology: Vols. 18-23 and Vol. 28. _ 

Kindly address offers to: American Friends of the 

Hebrew University, 9 East 89th Street, New York 
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YOU NEED THIS FREE 
CATALOG FOR YOUR FILES 


Serums, antiserums and bloods c 
of all kinds for technicians and tissue SJ 
culture laboratories. No salesman will call. 


COLORADO SERUM CO. 
4950 York St.* MAin 3-5373 © Denver 16, Colo. 














HYPOPHYSECTOMIZED RATS 


Shipped to all points via Air Express 
For further information write 
HORMONE ASSAY LABORATORIES, Inc. 
8159 South Spaulding Ave., Chicago 29, Ill. 


FREE atthe if Fas 
Research Notes, o MW MEO ET HI 











The Market Place 


BOOKS + SERVICES + SUPPLIES » EQUIPMENT 





DISPLAY: Monthly invoices will be sent on 
a charge account basis—provided that 
satisfactory credit is established. 


Single insertion $33.00 per inch 


4 times in 1 year 30.00 per inch 
7 times in 1 year 28.00 per inch 
13 times in 1 year 27.00 per inch 
26 times in 1 year 26.00 per inch 
52 times in 1 year 25.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 








on new developments in gas chromatography. We 
offer a complete selection of essential supplies and 
the Aerograph line of GLPC equipment, 

Send for your free subscription today 
WILKENS INSTRUMENT & RESEARCH INC. 
Box 313, Walnut Creek, California 
YEllowstone 5-1469 


MICE 


C.F.1 ICR DESCENDANTS 
GREEN HILLS FARM 


Box 381, Jeffersonville, New York 
Tel.: 363 
























Iii BOOKS AND MAGAZINES jill 


Your sets and files of 
scientific journals 
are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
periodical files you are i to sell at h gh mar- 
ket prices. Write Dept. A3S, CANNER’S, Inc. 
Boston 20, Massachusetts 
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SPRAGUE-DAWLEY STRAIN* 
ALBINO RATS 


* Descendants 
Price lists sent on request 


S & K Animal Co. 


Box 479A, Jamesburg, N. J. 














EVOLUTION 
OF NERVOUS CONTROL 
FROM PRIMITIVE 
ORGANISMS TO MAN 


AAAS Symposium 
Volume No. 52 


Editor Allan D. Bass 
Published June 1959 


6” x 9”, 240 pp., 61 illus., 
references, index, cloth 
AAAS members’ cash orders $5.00, 
Retail $5.75 


Contents: 


Bernard B. Brode: Preface 

Edmund W. Sinnott: A Common 
Basis for Development and Be- 
havior in Organisms 

M. C. Niu: Current Evidence 
Concerning Chemical Inducers 

C. Ladd Prosser: Comparative 
Neurophysiology 

Harry Grundfest: Evolution of 
Conduction in the Nervous 
System 

George B. Koelle: Neurohumoral 
Agents as a Mechanism of 
Nervous Integration 

Joseph V. Brady: A Comparative 
Approach to the Study of Drug 
Effects on the Behavior of 
Higher Animals’. 

Irvine H. Page: Chemistry of the 
Brain: Past Imperfect, Present 
Indicative and — Future Per- 
fect? 

Hans-Lukas Teuber: Some Allter- 
ations in Behavior after Cere- 
bral Lesions in Man 

I. Arthur Mirsky: Psychoanalysis 
and Human Behavior: Experi- 
mental Approaches 

Index 


British Agents: Bailey Bros. & Swinfen, Ltd. 
Hyde House, W. Central St. 
London W.C.1, England 


American Association for the 
Advancement of Science 
1515 Massachusetts Ave., NW, 
Washington 5, D.C. 
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RADAR ENGINEERS and SCIENTISTS 


THER? Se ae 


MITRE 


Is Substantially Augmenting the 


Professional Staff of Its 


RADAR SYSTEMS 
and TECHNIQUES DEPARTMENT 


MITRE, organized under the sponsorship of the Massachusetts Institute of 
Technology with a staff nucleus composed of the men who developed the SAGE 
System, is now expanding its Radar Systems and Techniques Department. The 
principal function of this department is the development of advanced detection 
systems and techniques applicable to the nation’s future air defense. 


The work being performed by this department will afford the serious engineer 
or scientist an opportunity to apply his skills in areas that range from conceptual 
realization to proof of feasibility. 


Individuals with an interest in radar systems and techniques are invited to 
discuss how their training and experience can be utilized in the following areas: 


@ CIRCUIT DESIGN e@ SIGNAL DETECTION THEORY 
@ ANTENNAS @ RADAR DISPLAYS 


@ MICROWAVE COMPONENTS @ RADAR TRANSMITTERS and RECEIVERS 
@ SYSTEMS STUDIES 


To arrange an immediate confidential interview, 
please send resume to Dana N. Burdette, Personnel Director 


THE MITRE CORPORATION 


244 Woop Street — LExINGTON 73, MassACHUSETTS 


A brochure more fully describing MITRE and its activities is available on request. 
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NUCLEAR 
REVIEWS 


from 


NUCLEAR-CHICAGO 


| aa 
This handsome little still life illus- 
trates the high quality and variety 
of radioactive carbon reagents 
now available from us for your re- 
search work. Today we offer over 
250 different carbon-14 com- 
pounds, and dozens of phos- 
phorus-32, sulfur-35, and tritium 
compounds. All are listed with 
prices and package sizes in our 
chemical catalog “Schedule E”’ 
In this new 20 page schedule 
you'll also find high intensity 
beta and gamma sources, refer- 
ence sources, radioactive stand- 
ards, and source kits. If you’re 
interested in radioactivity you'll 
want a copy. It’s absolutely free 
and there’s no obligation. If you 
don’t have a copy of our General 
Catalog R to go along with the 
“Schedule E;’ ask for that, too. 
This illustrates and describes all 
of the radioactivity measuring in- 
struments made by us. 


RADIOISOTOPES 
SAVE INDUSTRY $$ 


Companies investing in radioiso- 
topes, either for process control or 
research, averaged more than an 
eight-fold return on their money 
according to a recent NICB re- 
port. Biggest savings were re- 
ported by the chemical and 
petroleum industries where 
$500,000 invested brought a 12- 
month savings of more than 
$8,000,000. The report pointed 
out that although returns were 
juicy, only a small number of 
companies use radioisotopes. 

We think it will pay you to in- 
vestigate the uses of radioisotopes 
in your research laboratories. To 
help familiarize you with the 
ways isotopes are being used prof- 
itably today, we have prepared a 
series of Technical Bulletins. Six 
have been completed. They de- 
scribe common process applica- 
tions of radioactivity such as mix- 
ing evaluation studies, and re- 
view laboratory applications 
including isotope dilution analy- 
sis, paper radiochromatography 
techniques, and radiometric an- 


alysis. Why don’t you write ask- 
ing us to send you the first six 
Technical Bulletins? Read them, 
and if you think they are helpful 
we'll gladly put your name on 
our mailing list to receive them 
regularly. They’re meaty, short, 
and (we think) stimulating. The 
cost? Only a postcard. 


RNR REE EE 
LEAKY PIPES? 


Radiant heating systems are 
nice, but when they start to leak, 


it can be mighty hard to find the 
trouble. We were called in re- 
cently to help locate a leak some- 
where in 2640 feet of pipe in an 
elementary school. The pipes, 
embedded 6” in concrete, ran up 
and down the halls, under walls 
and furniture. Several previous 
attempts to find the leak were un- 
successful and had left ugly torn- 
up floor areas. 

In cooperation with a plumbing 
contractor, we drained the 160 
gallon system, then pumped into 
the empty system another 160 gal- 
lons of water made slightly radio- 
active with radiosodium-24. The 
entire floor area was then moni- 
tored with Geiger and scintilla- 
tion detectors. The general area 
of the leak was located within 
30 minutes. Standard Nuclear- 
Chicago instruments were then 
used to pinpoint the leak within 


14 inch. A couple of tiles were re- 
moved, the pipe exposed and re- 
paired. Probably to the disap- 
pointment of the small fry, the 
whole job was completed on a 
Saturday afternoon. 

Although we’re not in the plumb- 
ing business, we'll be glad to for- 
ward any inquiries you may have 
on this application to our plumb- 
ing friends who now have author- 
ization from the AEC to conduct 
these tests. Other process or re- 
search applications of radioiso- 
topes we'll be happy to handle 
ourselves, 


nuclear-chicago 


@®oCORPORATION 
349 HOWARD AVENUE + DES PLAINES, ILLINOIS 








